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Preface 


In  the  event  of  war,  continuing  appraiaala  of  the  extent  of 
resources  available  and  their  locations  will  be  needed  at  all  levels 
of  goveranent  to  furnish  officials  information  for  undertaking  actions 
to  ensure  the  highest  probability  our  nation  will  survive  and  recover* 
Diis  manual  furnishes  information  how  such  appraisals  may  be  made. 

A necessary  first  step  for  estimating  the  locations  and 
quantities  of  resources  remaining  after  an  attack  would  be  an  assessment 
of  the  damage  to  both  human  and  material  resources.  To  be  able  to 
perform  such  an  assessment,  a local  official  needs  to  identify  and 
know  in  advance  what  reso\xrces  will  be  required  in  the  immediate 
postattack  period  and  where  they  are  located.  After  an  explosion,  a 
local  official  will  have  to  determine  where  the  nuclear  weapons 
detonated,  the  yields  of  the  weapons,  the  types  of  bursts  and  the 
extent  of  area  involved  in  order  know  how  the  resources  were  affected. 
This  manual  identifies  the  types  of  resources  and  information  which 
local  officials  can  use  as  a gxjdde  for  collecting  locational  and 
quantitative  data. 

Information  about  the  resources  required  for  survival  and 

recovery locations  and  quantities  — must  be  obtained  frcan  those 

organizations  in  goverrment  responsible  for  thfcir  jurisdiction.  To  be 
valid  and  useful,  the  information  should  be  kept  up-to-date.  This  manual 
furnishes  guidance  how  such  information  may  be  presented  in  graphic  form 
and  used  in  an  emergency  for  estimation  purposes. 


Following  attack,  accurate  ^nd  detailed  information  r^arding 
nuclear  detonations  may  not  be  available  for  a considerable  period. 
Therefore,  until  such  information  becomes  available,  it  may  be  necessary 
for  organizations  to  develop  from  scanty  and  fragmentary  reports  attack 
information  for  estimation  purposes.  Ihis  manual  esq^lains  how  civil 
defense  organizations  may  perform  an  attack  analysis. 

Knowledge  of  the  probable  effects  of  the  various  types  of 
nuclear  bursts  an  enemy  may  employ  is  needed  so  that  the  impact  of 
those  effects  on  resources  may  be  calculated.  This  manual  contains 
weapons  effects  data  which  will  aid  civil  defense  officials  to  make 
such  calculations. 

Equipped  with  a knowledge  of  the  resources  in  his  area, 
able  to  estimate  the  locations  and  types  of  weapons  which  had  exploded 
and  knowing  what  the  effects  of  such  weapons  might  be,  local  officials 
can  come  to  reasonable  conclusions  about  the  resources  that  may  have 
been  lost  as  well  as  the  resources  that  may  have  survived.  Local 
officials  will  require  these  types  of  information  for  undertaking 
proper  and  appropriate  actions  for  immediate  survival  and  ultimate 
recovery. 
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Introduction 


This  manual  presents  graphic  techniques  and  procedures  to  be 
performed  manually  for  use  primarily  by  State  and  local  civil  defense 
organizations  for  estimating  damage  resulting  from  a nuclear  detonation. 
Damage  estimation  is  the  process  of  predicting  the  effects  of  enemy 
attack  upon  the  human  and  material  resources  located  within  an  area. 

Its  purpose  is  to  furnish  operating  officials  estimates  of  the  amounts 
and  locations  of  populations  and  resources  that  may  be  expected  to  re- 
main postattack  so  that  intelligent  decisions  for  survival  and  recovery 
can  be  made. 

In  the  first  few  hours  or  days  after  attack,  officials  at  all  levels 
of  local  governments  will  find  it  difficult  to  obtain  a total  picture  of 
the  effects  resulting  from  a nuclear  attack  within  their  particular  juris- 
dictions. The  radiological  situations  and  disruptions  of  normal  condi- 
tions and  channels  of  communications  will  make  it  difficult  for  officials 
to  collect  or  receive  information.  Experience  with  large  scale  natural 
disaster  indicates  officials  are  unable  to  furnish,  particularly  in  the 
period  immediately  following  a disaster,  accurate  information  as  to  the 
extent  of  damage  and  number  of  casualties. 

Attack  area  officials  will  assemble  fragmentary  information  and 
develop  as  accurate  a picture  as  possible.  Fragmentary  reports,  how- 
ever, do  not  enable  operating  officials  to  estimate  the  probable  total 
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■ItuatloB  so  that  Intelligent  and  reallttlc  declilons  can  be  made.  Tbe 
methodology,  deecrlbed  herein,  involve*  the  preparation  and  u*e  of  maps 
and  nuclear  veapon*  effect*  teaqplate*.  The  map*  depict  the  preattack 
location*  of  re*ource*;  the  teii5>late*  depict  the  extent  of  the  probable 
zone*  of  bla*t,  thermal  and  casualty  damage.  Application  of  the  tech- 
nique* and  procedure*,  de*crtbed  herein,  vill  furnish  official*  the 
appropriate  infomation  required  for  eatimating  the  probable  total  situa- 
tion a*  veil  a*  for  undeirtaking  evaluations  of  conten5>lated  courses  of 
action. 

There  are  many  uncertainties  involved  in  the  damage  estimation 
process.  For  exanple,  the  cooplex  nature  of  nuclear  effects,  the  in- 
herent difficulties  encountered,  during  tests,  in  making  exact  mecisure- 
ment*  of  weapons  effects,  the  marked  difference  two  weapons,  having 
the  same  explosive  energy  yield  but  different  design,  may  have  in  their 
actual  effects  and  lastly,  but  no  less  significant,  the  difficulties  of 
depicting  the  exact  location  of  resources  on  small  scale  map*.  Consequently 
the  application  of  slapUfled  and/or  sophisticated  techniques  inevitably 
produces  approximations.  Only  ground  reconnaissance  and  detailed  surveys 
or  censuses  of  people  and  inportant  resources nay  furnish  exact  evalua- 
tion* and  accurate  information  on  the  number  of  people  and  resource* 
remaining. 

The  procedures  herein  have  been  designed  to  produce  rapidly 
statisticeJ.  estimates  of  the  magnitude  of  the  problems  civil  defense 
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organizations  may  encounter  after  an  attack.  Estimates  for  individual 
facilities  therefore  should  be  considered  as  probable  effects  and  not  as 
an  exact  evaluation.  As  reconnaissance  information  becomes  available, 
the  actual  data  collected  should  supplant  the  estimates  developed  by 
manual  procedures. 

The  individual  procedures  for  the  various  features  and  resources, 
developed  and  described  herein,  are  based  on  weapons  effects  informa- 
tion contained  in  "The  Effects  of  Nuclear  Weapons",  April  1962,  prepared 
by  the  Department  of  Defense  and  published  by  the  U.  S.  Atomic  Energy 
Commission.  Weapons  effects  data  for  yields  1-3-5-10-20 
megatons  only  are  included  herein.  Radii  of  damage,  in  terms  of  miles, 
are  furnished  to  enable  personnel  to  estimate  damage  without  having  to 
cope  with  technical  material  and  mathematical  formulae  to  obtain  such 
data  when  required. 

The  ease  with  which  quick- reference  information  may  be  obtained 
necessitates  simplicity  of  presentation,  req\ilred  by  those  new  to  the 
weapons  field  and  desired  for  many  purposes  by  fully  informed  personnel 
from  technical  to  professional  levels.  Therefore,  as  a convenience  to 
those  using  this  document,  the  arrangement  of  the  information  has  been 
designed  as  follows: 

a.  general  information  useftil  to  all  personnel  has  been  incor- 
porated within  the  first  five  chapters. 
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b.  Specific  information  required  by  individiials  to  develop  esti- 

mates of  damage  for  a particular  resource  has  been  incorporated  in 
the  appropriate  chapters  dealing  with  resources,  such  as:  population, 

housing,  communications,  water,  transportation  and  so  on. 

c.  Reference  information,  furnishing  additional  and/or  detailed 
descriptions  and  explanatory  material,  has  been  incorporated  in  the 
appendices. 

The  methods  and  procedures  presented  herein  are  recommended  for 
use.  Alternate  improved  methods  may  be  worked  out  in  some  instances. 
Maximum  utilization  should  be  made  of  available  maps  and  data  in 
governmental  and  other  public  offices  and  agencies  as  well  as  those  in 
private  institutions. 

Assembling  and  presenting  resource  location  information  and  data 
graphically  on  maps  is  only  the  first  step  in  the  damage  estimating  pro- 
cess. Assuming  a hypothetical  attack  and  estimating  the  probable  damage 
will  furnish  training  and  experience  to  civil  defense  personnel  in  the 
use  of  the  techniques  and  procedures  described  herein.  In  this  manner, 
the  techniques  and  procedures  can  be  of  practical  use  rather  than  as 
mere  reference  material  to  be  looked  at  occassionally  before  the  attack 
or  to  be  referred  to  after  the  attack. 
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Chapter  1 


The  Damage  Estimation  System 
Estimation  Versus  Assessment 

Estimating  damage  from  a nuclear  detonation  for  civil  defense 
purposes  requires  reorientation  in  our  thinking.  Following  a natural 
disaster,  local  authorities  generally  ascertain  the  number  of  casualties 
and  physical  damage  sustained.  The  procedure  involves  ground  recon- 
naissance for  assessing  the,  damage  or  a damage  assessment  process. 
Following  a nuclear  detonation,  however,  the  blast,  thermal  and  radia- 
tion conditions  may  prevent  local  authorities  from  immediately  performing 
reconnaissance  to  determine  the  existing  situation.  Also,  normal  channels 
of  communications  upon  which  commxinities  habitually  depend  for  obtaining 
information  may  not  be  available.  Consequently,  local  (and  State) 
authorities  may  have  to  depend  on  the  use  of  an  estimation  rather  than  an 
assessment  procedure.  The  estimation  system,  described  herein,  involves 
the  use  of  map  analysis  techniques  in  conjunction  with  nuclear  weapons 
effects  templates  to  obtain  an  estimate  of  the  probable  total  situation.  By 
estimating  the  probable  casualties  and  damage  to  resources  and  subtracting 
the  losses  from  the  preattack  popxilation  and  inventory  of  resources, 
authorities  will  be  able  to  estimate  the  probable  number  of  people  and 
amounts  of  resources  remaining.  The  process  involves  estimating  the 
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probatle  damage  sustained  as  distinguished  from  actually  ascertaining  or 
assessing  the  damage. 

Estimation  Versus  Reporting  Inventories  of  Resources  Remaining  Postattack 

As  soon  as  the  radiological  situation  permits,  folloving  an  enemy  attack, 
State  and  local  authorities  will  perform  ground  reconnaissance  and  conduct 
detailed  surveys  and  censuses  to  determine  the  number  of  people  and  amounts 
and  locations  of  resoxnrces  remaining.  Procedures  for  reporting  >diat  the 
exact  situation  is  at  each  level  of  government,  based  on  reconnaissance,  sur- 
veys and  censuses,  does  not  require  a knowledge  of  weapons  effects,  locations 
of  ground  zeros,  weapons  size,  type  of  burst,  time  of  detonation,  loca.tions 
of  resources,  and  the  meteorological  conditions  and  evasive  actions  taken  at 
the  time  of  attack.  The  process  Involves  recordingthe  desired  information 
onto  forms,  prepared  in  advance,  and  transmitting  the  information  to  the  next 
higher  echelon.  Thus,  for  reporting  the  actual  inventories  of  resources  re- 
maining postattack  application  of  the  damage  estimation  system  is  not  required. 

Elements  of  the  Damage  Estimation  System 

Application  of  damage  estimation  techniques  require  a system  con^josed 
of: 

a.  Locating  the  preattack  population  and  resources  on  maps 

b.  Availability  of  damage  ten5>lates  based  on  predictions  of  effects  of 
nuclear  weapons 

c.  Nuclear  attack  or  detonation  data  - weapon  size  (yield),  type  of 
burst,  location  of  ground  zero,  and  time  of  detonation 

d.  Meteorological  conditions  and  evasive  actions  taken  at  time  of 
detonation. 


1 . 2 


The  general  methodology  is  simply  to  superimpose  the  appropriate  damage 
templates  on  the  resource  maps  desired  and  estimate  the  effects  of  the  attack. 
The  damage  templates  eliminate  the  process  of  measuring,  or  calculating  math- 
ematically, the  relationship  between  the  locations  of  population  and  reso\arces 
and  those  of  the  nuclear  detonation  points. 

Principal  Uses  for  Estimates  of  Damage 

Data  obtained  from  the  damage  estimation  process  are  used  principally 
for  the  following  purposes; 

a.  To  assist  State  and  local  authorities  to  develop  an  estimate  of 
the  total  situation 

b.  To  assist  the  civil  defense  service  in  making  decisions  in  con- 
sonance with  the  magnitude  of  the  problems  they  may  encounter 

c.  To  assist  the  civil  defense  services  in  developing  their  require- 
ments for  conducting  postattack  operations  and  survival  of  the  population 

d.  To  identify,  as  quickly  as  possible  following  an  attack,  critical 
shortages  in  resources  required  for  survival  of  the  population 

e.  To  develop  a sound  tactical  organization  of  the  ground  for  the  most 
effective  use  and  control  of  the  personnel,  equipment,  supplies,  and  facili- 
ties available  postattack 

Features  and  Resources  to  be  Located  on  Maps 

For  damage  estimation  purposes,  locational  and  quantitative  information 
for  the  following  features  and  resources  is  collected.  A map  should  be  pre- 
pared for  each  feature  and  resource.  The  locational  infomation  is  presented 
graphicadly  on  maps.  At  each  location  on  the  map,  an  annotation  is  indicated 


1 . 3 


for  identification  pvirposes  and  rapid  reference  to  tabular  material  contain- 
ing quantitative  statements  of  capacity,  size  or  other  inq)lications  of 
lnq)orteince . 

1.  Population  distribution 

2.  Elementeiry  and  Secondary  Schools  and  Institutions  of  High  Education 

3.  Housing  (Dwelling  Units) 

4.  Government  Facilities  (Headquarters  and  Field) 

5.  Law  Enforcement  Facilities  and  Personnel 

6.  Fire  Stations  and  Personnel 

7.  Rescue  Units  and  Location  of  Stored  Tools 

8.  Hospitals  and  Local  Health  Departments  and  Clinics 

9.  Medical  Manpower  - doctors,  osteopaths,  dentists,  veterinarians, 

professional  nurses,  pharmacists,  sanitary  engineers 

10.  Food  stocks  at  wholesale,  retail  and  consumer  levels 

11.  Public  Fallout  Shelter  ^aces  Available 

12.  Water  Supply  and  Distribution  Systems  and  Auxiliary  Sources 

13.  Electric  Power  System  and  Utility  Stocks  for  Restoration  of  Service 

14.  Fuel  Storage  (capacity  below  25,000  bbls) 

15.  Solid  Fuel  Storage 

16.  Communications  - Domestic  telegraph  and  telephone  offices- conelrad 

radio  stations  - AM  broadcast  stations  - FM  radio  stations  - TV 
broadcast  stations 

17.  Welfare  Offices  and  Personnel 

18.  Transportation  - bridges  - tvumels  - airports  and  airfields  - 

streetcars,  trolleys,  buslines,  and  vehicle  storage  yards  - 
streets  and  highways  - motor  trucks 

19.  Potential  hospitals  - public  building,  hotels,  nursing  homes 
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These  features  and  resources  are  listed  in  ^pendix  A vith  a list  of 
suggested  information  sources. 

Only  the  locational  information  collected  for  the  feat-ures  and  re- 
sources listed  above  will  appear  on  the  maps.  Some  of  the  information  and 
data  collected  are  best  presented  in  tabular  form  for  use  in  connection  with 
the  maps  during  the  damage  estimation  process.  Information  of  this  type  in- 
cludes names  and  addresses  of  facilities,  inventories  of  equipment  and  supplies 
and  statistics  regarding  personnel.  In  general,  only  locational  features 
should  be  mapped  -vdiose  significance  results  frcsm  their  location  relative  to 
possible  ground  zero  (point  on  ground  directly  under  a nuclear  detonation) . 
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Chapter  2 


Maps  Used  For  Estimation  Purposes 

Maps  are  the  most  valuable  of  tools  to  be  used  in  the  damage  estimation 
process.  A wide  variety  of  information  can  be  presented  on  maps  in  a simple, 
easily  understandable  and  usable  form.  Maps  with  locational  information  plotted 
thereon  and  properly  annotated  reveal  clustering  of  resources,  spatial  relation- 
ships and  emphasize  features  which  are  significant  primarily  because  of  their 
relative  locations.  For  exanple,  broad  parkways  separating  densely  built  up 
areas  constitute  important  firebreaks.  Paxkways  traversing  areas  with  wide- 
ly scattered  buildings  have  little  fire  protection  significance. 

Map  Sources 

The  principal  sources  of  maps  used  in  the  damage  estimation  process  are: 

a.  Census  maps  of  tracts  and  enumeration  districts,  prepared  by  the 
Bureau  of  Census,  Washington,  D.  C. 

b.  Special  purpose  and  municipal  maps,  prepared  by  local  municipal 
offices  or  by  private  map  companies. 

c.  Topographic  maps,  published  by  the  U.S.  Geological  Survey  and  the 
Army  Map  Service. 

d.  Lattice  locational,  and  other  types  of  maps,  prepared  by  Office  of 
Civil  Defense.  A detailed  discussion  of  maps,  sources  and  supplementary 
information  is  present  in  i^pendix  B, 

Selection  of  a Base  Map 

All  features  and  resources  for  which  an  estimate  of  probable  damage  is 
desired  should  be  presented  on  copies  of  the  same  scale  map.  Use  of  a map 
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having  the  same  sceile  simplifies  the  use  of  damage  ten^lates,  canparison 
of  different  resources,  and  transfer  of  information  from  one  map  to  another. 

In  generad,  standardization  of  map  scale  to  seciire  uniformity  for  all 
geographic  areas  - State,  County,  Standard  Metropolitan  Statistical  Area, 
urbanized  area,  city  - is  not  feasible.  A scale  suitable  for  a State  would 
be  too  small  for  an  urbanized  area  and,  conversely,  a scale  suitable  for  a 
city  wovLld  be  too  large  for  use  by  a State.  Furthermore,  adoption  of  a 
standard  scale  for  edl  areas  within  a State  would  seriously  limit  the  useful- 
ness of  numerous  existing  maps  and  would  result  in  a waste  of  time,  effort, 
eind  funds. 

Where  existing  scale  maps  are  already  being  used  by  a civil  defense 
orgeinization  factors  to  consider  in  selection  for  damage  estimation  purposes 
are  relative  accuracy,  amount  of  pertinent  information  depicted,  suitability 
of  scales,  and  overall  sizes. 

Recommended  map  scales  for  use  for  damage  estimation  purposes  are: 


Area 

T^e  of  Resource 

Direct  Effects 
(Blast  Area) 

Fallout  Effects 

State 

All  resources 
located  outside 
urbanized  areas 

1: 1, 000,  000 

1:  2,  500, 000 

Resources  located 
in  urbanized  area 

1:250,000 

or 

1:500,000 

1:2,  500,000 

County 

All  resources 
located  outside 
urbanized  area 

1:  500, 000 

1:  2, 500, 000 

Resources  located 
in  urbanized  area 

1:  250, 000 

1: 2,  500, 000 
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Area 


!I^e  of  Resource  Direct  Effects  Fallout  Effects 

(Blast  Area) 


Standard  Metro-  All  resources 
politan  Sta- 
tistical Area 


1:500,000 


1:2,500,000 


or 


1:250,000 


Urbanized  area  All  resources 
or  city 


1: 250,000 


or 


1: 2,  500,  000 


1: 2k, 000 


( approximately) 


Desirable  Characteristics  of  Maps 

Maps  prepared  for  damage  estimation  uses  should  be  clear,  easy  to  read, 
and  free  of  unnecessary  detail.  Locations  of  only  one  feature  or  reso\jrce 
should  be  depicted  on  a single  map.  Conflicting  features,  such  as  traffic 
arteries,  power  lines,  gas  mains,  and  similar  linear  features  that  lie 
parallel  to  each  other  and  close  together  should  be  represented  on  separate 
maps. 

Map  scales  should  be  examined  with  care.  They  should  be  of  the  graphic 
type  consisting  of  a line  or  bar  marked  off  into  miles  and  fractions  thereof. 
Such  scales  maintain  the  proper  relationship  to  the  distances  represented 
■vrtien  the  map  is  copied  on  a larger  or  smaller  scale.  However,  even  graphic 
scales  are  subject  to  error.  They  may  have  been  incorrectly  drawn  originally, 
or  may  have  been  photographically  enlarged  or  reduced  separately  from  the 
map  on  which  they  appear.  Therefore,  the  map  scale  should  be  checked  by 
comparing  the  mileage  between  the  two  points  on  a map  of  known  accirracy. 
Errors  in  map  scale  may  be  serious  and  may  introduce  fundamental  errors. 

Mapping  costs  should  be  kept  at  a minimum.  Ti^herever  practicable, 
existing  maps  should  be  used.  Sometimes  they  may  be  used  with  no  change, 
at  other  times  they  require  small  alterations,  such  as  pasting  on  a new 
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legend.  Finished  drafting  should  be  avoided  except  on  the  few  maps  -which 
will  be  reproduced  for  distribution.  Preliminary  drafting  and  alterations 
should  be  made  in  colored  pencil.  These  pencils  may  be  used  also  on  final 
copies  of  maps  which  are  not  intended  for  distribution. 

Maps  intended  for  distribution  should  be  prepared  in  black  and  white 
to  avoid  the  expense  of  color  reproduction. 

For  damage  estimation  purposes,  separate  paper  maps  are  preferable  to 
transparent  (acetate)  overlays  which  would  be  superimposed  on  a single  map. 
Paper  maps  are  much  less  expensive,  more  easily  handled  and  less  susceptible 
to  damage.  They  are  easier  to  draw  and  alter,  and  are  much  easier  to  read 
than  overlays.  Paper  maps  also  are  free  from  surface  reflections  -vdiich 
commonly  obscure  map  features  -idien  overlays  are  used. 
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Chapter  3 

Locating  Features  and  Resources  on  Maps 


Essential  to  the  graphic  method  of  estimating  damage  resulting  from 
the  detonation  of  a nuclear  weapon  is  the  availability  of  maps  depicting 
the  locations  of  features  and  resources.  When  a nuclear  weapon  detonates, 
the  effects  inflict  different  types  of  damage  on  people,  features  and 
structures  depending  on  their  relative  distance  from  the  ground  zero  loca- 
tion. By  depicting  the  locations  of  the  peculation,  features  or  structures 
containing  resources  on  maps  and  superincosing  on  the  maps  the  appropriate 
nculear  weapon  effects  tenclates  in  such  a way  that  the  centers  of  the 
teniplates  correspond  to  the  loca  tion  of  ground  zero,  an  estimate  of  the 
damage  may  be  developed. 

Position  Reference  Systems 

Various  position  reference  systems  have  been  developed  for  use  on 
maps  to  facilitate  the  location  of  a point.  The  three  most  commonly  used 
systems  are:  (a)  a rectangular  coordinate  system  (b)  a geographic  coordinate 

system  and  (c)  the  Universal  Transverse  Mercator  coordinate  system. 

Rectangular  Coordinate  System 

The  rectangular  coordinate  system,  employed  by  private  cartographic 
organizations,  is  generally  superimposed  on  raod,  city  and  state  maps  pre- 
pared for  commercial  purposes.  The  rectangular  coordinate  system  consists 
of  a series  of  vertical  and  horizontal  coordinates.  These  lines  intersect 
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and  form  a matrix  of  rectangles.  To  identify  each  rectangle,  a comhination 
of  alphabetic  letters  and  numbers  is  employed.  Each  rectangle,  thus,  can 
be  identified  by  a code  consisting  of  an  alphabetic  letter  and  a number.  On 
city  maps,  the  "Index  to  Streets"  lists  the  names  of  the  streets  in  alphabetic 
order.  Shown  for  each  street  is  the  identifying  rectangle  in  which  it  is 
located.  Exac^le: 


Schematic  Illustration 
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This  system  enables  individuails  to  locate  desired  streets  on  maps  rapidly. 

In  general,  maps  produced  by  ccanmercial  organizations  do  not  show  the 
geographic  and/or  UTM  coordinates. 

Geographic  Coordinate  System 

The  geographic  coordinate  system  is  generally  employed  by  governmental 
organizations  producing  maps.  The  geographic  coordinates,  when  superimposed 
upon  a map  for  an  area,  divide  the  area  into  quadrangles  formed  by  meridians 
of  longitude  and  parallels  of  latitude.  A distance  a point  is  west  of  the 
prime  meridian  (Greenwich,  England)  is  called  its  longitude.  A point  posi- 
tion on  a map  employing  the  geographic  coordinate  system,  therefore,  is 
identified  by  its  latitude  and  longitude  coordinate  readings.  Thus,  a 
point  position  can  be  identified  by  four  numbers  for  degrees  and  minutes 
of  latitude  and  five  numbers  for  degrees  and  minutes  of  longitude.  ;^11 
USGS  and  AMS  maps  depict  the  geographic  coordinates.  Figure  3.1  presents  a 
map  of  the  United  Stares  utilizing  the  geographic  coordinate  system. 
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Figure  3.1  ocd  bc  15302 


U!04  Coordinate  System 


The  Universal  Transverse  Mercator  coordinate  or  UTM  system  was  developed 
by  the  Army  Map  Service  for  military  use.  The  system  enables  the  identifica- 
tion of  locations  in  terms  of  meters.  A detailed  description  of  the  system 
is  contained  in  ^pendlx  B,  page  g-gS  > "Explanation  and  Use  of  the  UTM 
Grid". 

The  UTM  position  reference  system  was  adopted  for  estimating  damage 
nationally  by  electronic  computers  because  locations  expressed  in  meters 
simplifies  the  mathematical  con5)utations  of  distance  between  two  locations, 
such  as  the  location  of  a resource  and  the  location  of  a ground  zero  where 
both  locations  are  expressed  in  meters. 

GEOREF  Coordinate  System 

The  World  Geographic  Reference  System  ( GEOREF)  is  a worldwide  position 
reference  system  that  may  be  applied  to  maps  or  charts  graduated  in  latitude 
and  longitude,  regardless  of  projection.  It  is  a method  of  expressing 
latitude  and  longitvide  in  a fomn  suitable  for  rapid  reporting  and  plotting 
and  is  used  for  plotting  eaxly  warning  information  such  as  tracking  of  in- 
coming flights  of  enemy  bombers  and  so  forth.  A detailed  description  of 
the  system  is  contained  in  Appendix  B,  page  £~73  "Explanation  and  Use 
of  the  GEOREF  System". 

Location  Systems 

For  purposes  of  plotting  the  locations  of  resources  on  maps,  three 
locational  systems  have  been  utilized.  Each  system  is  for  use  with  maps 
depicting  the  appropriate  position  reference  system.  Lists  of  resources 
showing  the  names  of  facilities  and  their  addresses  only  are  for  use  with 
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maps  depicting  the  street  pattern,  the  names  of  streets,  a rectangular 
coordinate  system  and  an  "Index  of  Streets"  "which  facilitate  locating  a 
position  on  the  maps.  Lists  of  resources  showing  the  names  of  facilities 
and  their  location  in  terms  of  lat-long  only  are  for  use  "with  maps  depicting 
the  geographic  coordinate  system.  Lists  of  resources  sho"wing  the  names  of 
facilities  and  their  location  in  terms  of  UTM  information  are  for  use  "with 
maps  depicting  the  UIM  coordinate  system. 

Present  lists  of  Reso"urces  pertaining  to  facilities,  available  at 
National  Headquarters,  furnish  for  each  facility  the  name  and  street  address 
as  well  as  the  DIM  locational  information.  Altho"ugh  lat-long  locational 
system  is  used  for  the  National  Location  Code,  it  is  generally  not  employed 
at  the  National  level  for  estimating  damage  by  electronic  computer  procedures. 
Lat-long  information  for  locations  of  Resources  pertaining  to  facilities, 
therefore,  is  not  available. 

Point  Locations 

Ordinarily,  a facility,  when  plotted  on  a map  by  means  of  a dot  appears 
as  a "point".  The  plotting  of  facilities  on  maps,  therefore,  has  been  re- 
ferred to  as  plotting  "point  locations".  Facilities,  such  as:  Manufacturing 

plants,  warehouses,  radio  stations,  bridges,  electric  generating  stations 
and  so  on,  when  depicted  on  maps,  appear  as  points.  The  "point  location" 
technique,  however,  is  not  limited  to  facilities  only.  The  locations  of 
Resources,  such  as:  population,  housing,  food  and  so  on,  distributed  over 

an  area  (a  tract,  enumeration  district,  minor  civil  division,  census  county 
division)  also  can  be  depicted  on  a map  by  means  of  a dot  or  "point".  By 
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a8s\iming  the  total  for  a specific  Resource  is  located  at  the  approximate 
center  of  a geographic  area,  the  location  of  the  Reso\arce  can  he  plotted 
as  a "point”  on  a map.  The  Standard  Location  Area  (SLA)  system,  developed 
by  OCD,  employs  this  technique.  The  SLA  system  divides  the  U.S.  and  its 
outlying  areas  of  sovereignty  or  Jurisdiction  into  smal 1 geographic  areas. 
All  the  SLA' 6 are  explicitly  defined  areas  with  rigid  geographic  boundaries. 
Each  SLA  is  represented  by  a pair  of  geographic  coordinates  - lat-long  and 
a UTM  coordinates.  ?y  associating  the  Resource  within  each  SLA  with  the 
appropriate  geographic  coordinates,  the  distribution  of  the  Resource  is 
defined.  Use  of  the  SLA  system  enables  the  plotting  and  use  of  the  exten- 
sive tabulations  of  census  small  area  data  promulgated  by  the  Bureau  of 
Census,  Department  of  Commerce,  for  damage  estimation  piirposes,  if  desired. 

Locations  of  Resources,  distributed  over  a geographic  area,  can  be 
plotted  as  "points"  on  maps  by  means  other  than  the  Standard  Location  Area 
system.  For  example,  the  totals  of  a Resource  within  a geographic  area, 
such  as;  a 20  - 10  - 5 - 2.5  kilometer  square  can  be  aggregated  and  the 
approximate  center  of  the  square  used  as  the  location  point  for  the  Resource. 
Use  of  electronic  computers  facilitates  aggregating  Resources  located  within 
a specified  kilometer  square.  Computer  printouts  have  been  prepared  and 
disseminated  showing  for  the  various  Resources  the  total  quantities  located 
within  a 10+5  kilometer  square.  The  printouts  furnished  the  UTM  grid  coordi- 
nates, names  of  facilities  and  the  total  quantities  located  within  the 
kilometer  squares.  The  printouts  were  not  maps;  they  furnished  columns  of 
quantitative  data.  Electronic  computers,  however,  are  capable  of  producing 
printed  sheets,  8"  x 10^",  depicting  crossed  vertical  and  horizontal  lines 
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forming  a matrix  of  kilometer  squares.  The  size  of  the  squares  may  he  10  - 
5-2,5  kilometer  squares  depending  on  the  scale  selected.  The  crossed  lines 
form  a "lattice"  - an  openwork  of  squares.  Consequently,  the  sheets  are 
called  "Lattice  Preplots  of  Resources".  At  the  left  side  of  the  sheet,  appear 
the  Northing  UTM  coordinates;  at  the  bottom,  appear  the  Easting  UTM  coordi- 
nates, The  figures  within  each  kilometer  square  represent  the  total  quantities 
of  the  Resource  located  within  the  kilometer  square.  The  size  of  the  indivi- 
dual squares  for  the  lattice  network  selected  hy  OCD  for  estimating  damage 
manually  at  the  local  level  is  2.5  X 2.5  kilometers.  The  scale  is  1:250,000. 
Figure  furnishes  a schematic  illustration  of  a lattice  preplot  for 

population. 

Detailed  instructions  for  use  of  these  preplot  sheets  in  conjunction 
with  damage  templates  for  estimation  purposes  will  he  found  in  the -appropriate 
chapterspertaining  to  the  various  Resources  included  in  this  document. 

T.inear  Features 

The  plotting  of  linear  features,  such  as:  traffic  arteries,  power 

lines,  transportation  lines,  gas  mains,  water  distribution  system,  communica- 
tion lines,  ordinarily  are  depicted  on  maps  in  the  form  of  lines.  However, 
even  linear  features  may  he  graphically  depicted  on  maps  hy  means  of  "points". 
Breaking  a line  into  segments  of  ^-1-1^  miles  and  plotting  a point  for  each 
segment  permits  conversion  of  linear  features  into  a series  of  points.  Pre- 
sentation of  linear  features  on  maps  in  this  manner  facilitates  estimating 
the  number  of  miles  of  damage  sustained. 
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Lattice  Location  of  Population 
Besldent  Population  19^3  CProjected~Data) 

Standard  Metropolitan  Statistical  Area  Total  l8^7  (lOO*s) 

UTO  Zone  ^ 

Scale  1; 2^0, 000 
(2.5  X 2.5  Kilc3Dieter  Sqixares) 


Northing 


Plotting  Information  on  Maps 


The  graphic  presentation  of  information  on  maps  should  be  simple 
and  clear.  Use  of  pictograms,  sketches  and  ornamental  symbols  is  not 
essential.  For  most  resources,  a dot  that  is  clear  and  easy  to  read  is 
sufficient.  However,  for  those  individuals  who  may  desire  to  employ 
sophisticated  techniques  for  presenting  information  graphically  on  maps, 
appendix  B,  pages  B-20  thru  B-UO  furnish  detailed  instructional  material. 
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Chapter  4 


Attack  Analysis 

Attack  Data 

In  estimating  damage  manually  by  use  of  maps  and  nuclear  effects  tem- 
plates, it  is  necessary  to  know  for  a nuclear  detonation  the  following  attack 
data: 

a.  time  of  explosion 

b.  geographic  location  of  ground  zero 

c.  yield  or  weapon  size 

d.  type  of  burst 

e.  meteorological  conditions  at  time  of  detonation 

Time  of  detonation  and  the  meteorological  conditions  are  required  for 
casualty  estimation,  forecasting  areas  of  fallout  deposition  and  estimating 
dose  rates  and  dose  at  specified  time  periods. 

The  geographic  location  of  ground  zero  is  required  for  the  purpose  of 
placing  the  desired  nuclear  effects  ten5)lates  at  the  appropriate  position 
on  the  maps  depicting  resource  locations. 

The  weapon  size  and  type  of  burst  for  the  detonation  are  needed  to 
prepare  the  appropriate  scaled  nuclear  effects  templates.  The  radii  for 
estimating  blast  damage  and  casualties  vary  with  each  weapon  size  and  type 
of  burst.  The  appropriate  damage  and  casualty  radii  therefore  have  to  be 
used  for  estimation  purposes. 
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Attack  Analysis 


For  purposes  of  preattack  planning,  exercises  and  training  in  estimating 
damage,  it  is  the  general  custom  to  furnish  the  attack  data  for  each  nuclear 
detonation.  The  attack  data  are  known  and  therefore  the  process  of  estimating 
the  yield,  location  of  ground  zero  and  type  of  hurst  for  a nuclear  detonation 
are  not  involved. 

Folloving  enemy  attack,  however,  the  location  of  ground  zero,  weapon 
size  and  type  of  hurst  for  a nuclear  detonation  may  not  he  readily  available 
to  State  anH  local  civil  defense  orgeinizatlons  either  because  of  the  radiological 
situation  that  may  exist  or  inability  to  conduct  ground  reconnaissance  to  collect 
Information  which  may  he  used  as  a basis  for  developing  the  desired  data  for 
damage  estimation  pxirposes.  Civil  defense  organizations,  consequently,  may 
have  to  employ  estimating  procedxnres  to  derive  the  desired  information. 

The  development  of  an  automatic  sxirveillance  system  which  will  furnish 
the  nuclear  detonation  information  for  damage  estimation  purposes  is  presently 
under  consideration;  however,  blanket  coverage  for  all  targets  is  not  envisaged. 
Civil  defense  organizations,  therefore,  will  have  to  rely  on  estimating  pro- 
cedures involving  analysis  of  fragmentary  information  relating  to  phenomena 
associated  with  a nuclear  detonation  for  deriving  the  location  of  ground  zero, 
weapon  size  eind  type  of  b\irst. 

The  process  of  analyzing  reports  of  phenomena  associated  -with  nuclear 
detonations  and  converting  such  information  into  usable  form  for  damage  es- 
timation purposes  is  referred  to  as  "attack  analysis".  Attack  analysis  involves 
evaluating  the  various  pieces  of  information  reported  by  a multitude  of 
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Individiials  as  to  reliability  of  soxirce,  content  and  usability  for  deriving 
the  location  of  ground  zero,  veapon  size  and  type  of  burst. 

Estimating  Yield  of  a Nuclear  Detonation 

Associated  vith  a nuclear  detonation  are  several  characteristic  phencaaena 
■vrtilch  are  visible  and/or  aiidible  that  can  be  utilized  to  provide  desired  and 
useful  Information.  For  exanqple,  following  a nuclear  detonation  there  is 
the  appearance  of  a ball  of  fire,  the  sound  of  the  e:q)losion  and  the  formation 
of  a clovid  having  the  characteristics  and  appearance  of  a mushrocm.  All  of 
these  phenomena,  if  observed  by  individuals  trained  to  report  the  appropriate 
Information  to  the  civil  defense  organization,  can  be  \iseful  for  developing 
the  yield  and  location  of  ground  zero. 

Ball  of  Fire  or  Flash  Estimation  Procedure 

Immediately  after  a nuclear  weapon  detonates  there  is  the  aj^earance  of 
a ball  of  fire.  The  duration  of  the  brilliance  of  the  fireball  or  flash  can 
furnish  an  estimate  of  weapon  yield.  Appendix  C contains  a table  which  furnishes 
for  various  weapon  yields  the  estimated  number  of  seconds  the  flash  phencmena 
may  last.  An  estimate  of  the  weapon  yield,  therefore,  can  be  derived  from 
reports  indicating  the  length  of  time  the  flash  phencmena  was  observed. 

Nuclear  Cloud  Estimation  Procedure 

The  paremeters  of  the  nuclear  cloud,  such  as:  height  of  the  top,  hei^t 

of  the  bottom  eind  the  diameter  size  also  can  be  used  for  estimating  weapon 
size.  The  mushroom  cloud  attains  its  maximum  altitude  and  tends  to  become 
stabilized  in  height  within  about  7 "to  10  minutes  after  the  explosion.  The 
height  to  which  the  nuclear  cloud  ascends  and  the  diameter  to  which  it  grows 
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depends  upon  the  yield  of  the  nuclear  explosion  and  upon  atmospheric  condi- 
tions. The  nuclear  cloud  remains  visible  for  about  an  ho\ir  before  it  is 
dispersed  by  the  winds  into  the  surrounding  atcmosphere  with  other  clouds  in 
the  sky.  In  Appendix  C,  various  techniques  for  estimating  weapon  yields  based 
upon  the  paremeters  of  a nuclear  cloud,  are  included. 

Nuclear  explosion  phenomena  must  be  observed  and  recorded  in  order  to 
provide  the  data  necessary  for  estimating  nuclear  b\irst  paremeters.  Since 
nuclear  explosions  may  occur  simultaneously  or  in  close  succession,  a format 
similar  to  the  following  should  be  designed  for  recording  appropriate  informa- 
tion for  each  explosion: 


FLASH  FH!- 

NOh/lENA 

CLOUD  PHE 

'lOMENA 

Explosion 

Number 

Date  and  lx>cal 
Time  Observed 

Type  (Air 
Ground  or  Water) 

[ Direction 
1 Observed 

1 General  Location  j 

j Flash-to-Bang 
Time  (Seconds) 

Date  and  Local 
Time  Observed 

! i-leight  of  Top 
1 of  Cloud  (ft) 

Height  of  Bottom 
of  Cloud  (ft) 

Cloud  Top  Angle 
(degs  or  mils) 

Cloud  Bottom 
Angle  (degs  or 
mils) 

Cloud  Dia.  Angle 
(deg  or  mils) 

Azimuth  to 
Cloud  Stem 

! 

i 

1 1 1 1 

It  is  possible  that  any  one  observer  may  not  observe  and/or  record  all 

the  above  information.  It  is  Imperative,  therefore,  that  all  observers  obtain 
and  record  enough  information  to  provide  civil  defense  personnel  sufficient 
data  for  estimation  pxirposes. 
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The  importance  of  individual  observer  understanding  and  know-how  to 
use  the  material  contained  in  Appendix  C cannot  be  overemphasized.  Observer 
understanding  and  familiarity  with  the  techniques  and  procedures,  contained 
in  Appendix  C,  will  facilitate  to  a great  extent  in  determining  yield  and 
location  of  ground  zero. 

Estimating  Location  of  Ground  Zero 

I Ground  zero  is  the  point  on  the  surface  at  which  the  nuclear  explosion 

i 

occurs.  Should  a nuclear  explosion  occur  either  in  the  air  or  beneath  the 
surface,  ground  zero  is  the  point  on  the  surface  directly  below  or  above  the 
explosion.  The  location  of  ground  zero  can  be  determined  by  direct  observation, 
intersecting  azimuths  to  the  nuclear  cloud,  or  by  using  the  flash-to-bang  time 
to  compute  the  distance  along  a single  azimuth.  In  Appendix  C are  included 
estimating  procedures  and  Instructions. 

Converting  Qualitative  Descriptions  of  Weapon  Yield  to  a Specified  Yield 

For  estimating  damage,  yields  of  nuclear  detonations  expressed  in  quanti- 
tative terms,  such  as:  1 MT,  5 MT^  10  MT  etc.  are  required.  Yields  described 
as  small,  medium  and  large,  consequently,  should  be  converted  to  a specific 
size.  The  following  criteria  may  be  used  for  conversion  purposes: 


small 

- 

all  size  below  1 MT 

medium 

- 

1 MT  thru  5 MI 

large 

- 

6 MT  and  above 
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Nuclear  Weapons  Effects 

Factors  Required  for  Estimation  Pu2p>oses 

A great  deal  of  information  has  been  published  regarding  nuclear  veapons  - 
characteristics,  phenomena  and  damaging  effects.  Most  of  the  material  consists 
of  detailed  descriptions  and  technical  explanations  of  the  complex  phenomena 
of  blast,  thermal  and  the  various  radiations  associated  vith  nuclear  explosions. 
The  published  information  is  complex,  highly  technical  and  difficult  to  apply 
for  damage  estimation  purposes.  Descriptions  and  technical  explanations  are 
academically  interesting;  however,  they  do  not  furnish  readily  usable  data 
for  estimating  damage.  Required  for  the  process  of  estimation  are  nuclear 
effects  information  in  the  form  of  quantitative  data- -casualty  multipliers, 
radii  of  damage  for  the  weapon  effects,  yields  and  types  of  bursts--and  brief 
descriptive  phrases  of  the  types  of  damage  inflicted  to  structures,  objects 
and  people  within  the  various  damage  ranges.  A knowledge  of  the  levels  of 
peak  overpressure  (psi),  which  cause  a specified  type  of  blast  damage,  is  not 
essential  for  estimation  purposes  when  the  damage  radii  are  available.  The 
psi  criteria  which  cause  a specified  type  of  blast  damage,  consequently,  are 
not  Included  herein. 

The  estimating  techniques,  procedures  and  nuclear  effects  damage  radii 
data,  contained  in  this  document,  can  be  applied  for  obtaining  estimates  of 
damage  without  thoroughly  understanding  the  complexities  of  the  phenomena 
associated  with  nuclear  explosions.  A general  understanding  of  nuclear 
weapons  - their  characteristics  and  effects  - however,  will  contribute 
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materieLlly  to  a better  utilization  of  the  material  herein.  For  this  reason, 
therefore,  basic  nuclear  information  has  been  developed.  Appendix  D presents 
brief  but  pertinent  information  regarding  nuclear  weapons  characteristics, 
phenomena  and  effects  which  shoxild  prove  useful  as  background  information  and 
assist  in  properly  utilizing  the  techniques,  procedures  and  data. 

Estimating  “Direct’  and  "Indirect”  Effects 

The  blast,  thermal  eind  radiation  phenomena  resulting  from  the  detonation 
of  a nuclear  weapon  produce  casualties  and  damage  structures,  facilities  and 
material  objects.  When  a nuclear  weapon  of  known  yield  is  detonated  on  the 
surface,  at  a particular  height  in  the  air,  or  at  a particular  depth  below 
the  surface,  the  ranges  of  the  immediate  effects  are  fairly  well  defined. 

There  will  be  an  area  surrounding  ground  zero  within  which  the  destruction 
due  to  blast  and  shock,  and  accompanying  fires  will  be  great.  Beyond  the 
inner  area  of  severe  damage,  there  will  be  an  area  in  which  moderate  damage 
is  inflicted.  At  considerably  greater  distances,  the  immediate  effects  will 
be  weaker  and  damage  to  structures  will  be  minor,  e.g.  broken  windows  and  dam- 
age to  window  frames  and  doors.  The  distances  from  ground  zero  within  which 
various  degrees  of  destruction  may  be  expected  depend  primarily  upon  the  energy 
yield  of  the  explosion  and  the  conditions  of  burst,  i.e.,  air,  surface,  etc. 

The  topography  and  weather  influence  these  distances.  The  extent  of  damage 
within  the  blast  area  is  reasonably  predictable.  Effects  from  fallout,  which 
result  from  s\irface  detonations,  and  damage  from  fire,  on  the  hand,  are  less 
predictable. 

Casiialtieg  and  damage  within  the  blast  area,  generally  referred  to  as 
"direct  effects",  can  be  reasonably  estimated.  Effects  extending  beyond  the 
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"blast  area,  generally  referred  to  as  ’’indirect  effects”,  are  less  predictable. 
The  extent  of  damage  from  fire  and  the  effects  from  fallout  can  range  between 
wide  extremes  depending  on  a combination  of  many  circumstances.  For  example, 
the  extent  of  fire  damage  will  depend  on  building  density,  fuel  factors  such 
as  combustibility  of  structures,  firebreaks,  continuity  of  combustible  construc- 
tion, fuel  value  of  building  contents,  size  of  buildings  and  the  pattern  of 
air  temperatiire,  relative  humidity,  wind  velocity  and  recentness  and  amount 
of  precipitation.  Similarly,  the  extent  and  nature  of  the  fallout  will  be 
determined  by  a combination  of  circumstances  associated  with  the  energy  yield 
and  design  of  the  weapon,  the  height  of  explosion,  the  nature  of  the  surface 
beneath  the  point  of  burst  and  the  meteorological  conditions.  These  varied 
factors  are  complex,  difficult  to  interrelate  and  to  analyze.  Estimating  fire 
damage  and  fallout  effects,  consequently,  inevitably  produce  rough  approxima- 
tions and  such  estimates  should  be  used  cautiously. 

Use  of  Idealized  Patterns  for  Estimation  Purposes 

During  World  War  II,  conventional  weapons  were  capable  of  destroying  an 
entire  city  block  and  were  referred  to  as  ’’block  busters”.  Nuclear  weapons, 
however,  effect  relatively  large  geographic  areas  and  have  been  referred  to 
as  "city  busters”.  For  exanqjle,  a 1 MT  inflicts  damage  to  approximately  IJO 
square  miles;  a 20  MT  inflicts  damage  to  550  square  miles.  In  addition,  fall- 
out from  a nuclear  surface  detonation  may  cover  as  much  as  7^000  square  miles. 

To  enable  personnel  to  comprehend  and  estimate  the  magnitude  of  the  damage  a 
nuclear  weapon  can  inflict  on  an  extensive  geographic  area,  idealized  casualty, 
fire,  blast  damage  and  fallout  patterns  have  been  developed.  The  patterns  do 
not  indicate  irregularities  which  xmdoubtedly  occur  in  a real  attack  situation. 
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because  the  conditions  determining  such  irregularities  are  highly  variable 
and  uncertain.  The  patterns  have  been  deliberately  smoothed  out  for  estima- 
tion purposes.  Actually,  the  patterns  vould  be  distorted  by  the  conditions 
of  terrain,  weather,  etc.  Two  or  more  weapons  detonated  within  a short  dis- 
tance of  each  other,  of  course,  change  the  shape  of  the  patterns.  Nevertheless, 
in  spite  of  their  limitations,  the  idealized  patterns  are  useful  for  develop- 
ing estimates  of  the  overall  situation.  In  some  instances,  the  patterns  will 
undoubtedly  underestimate;  in  others,  overestimate.  However,  the  total  esti- 
mates for  the  \diole  area  affected  should  not  be  greatly  in  error. 

Blast  damage  radii  data  for  various  weapon  sizes  and  types  of  biirsts 
have  been  developed  for  various  types  of  structures,  features  and  objects  and 
are  included  in  the  appropriate  chapters  of  this  dociament.  These  will  enable 
personnel  to  develop  idealized  patterns  as  required.  The  values  of  the  radii 
have  been  rounded  off  to  the  nearest  tenth  of  a mile;  greater  precision  is 
not  warranted.  The  radii  should  be  considered  to  be  within  plus  or  minus  20 
percent  of  what  they  may  be  in  an  actual  attack. 

The  damage  radii  data  are  for  certain  average  target  conditions.  These 
presuppose: 

1.  The  target  is  at  sea  level. 

2.  The  terrain  is  fairly  flat  (rugged  terrain  may  provide  some  local 
shielding  and  protection  in  certain  areas;  in  others,  it  may  enhance 
the  damage). 

3.  The  structures  have  average  characteristics  (they  are  of  average  size 
and  strength  and  their  orientation  with  respect  to  the  burst  is  no 
problem  - the  ratio  of  loading  to  resistance  is  relatively  the  same 
in  all  directions  from  the  target). 
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In  applying  the  estimation  procediires  to  conditions  which  depart 
appreciably  from  the  average,  modifications  may  be  necessary.  This  is  left 
to  the  judgment  of  the  analyst. 


Shapes  of  Idealized  Patterns 

In  general,  two  distinct  shaped  Idealized  patterns  are  employed  for 
estimation  purposes.  A circular  shaped  pattern  is  used  for  estimating  cas- 
ualties and  blast,  fire  and  glass  damage.  A "cigar”  shaped  pattern  is  used 
for  depicting  areas  of  fallout  deposition. 

Casualties 

For  estimating  casualties,  three  zones,  representing  different  distances 
from  ground  zero  are  depicted  on  the  idealized  pattern  - an  inner,  middle  and 
outer  zone.  The  following  schematic  illustration  presents  the  shape  and  depicts 
the  three  zones  of  the  casualty  pattern  for  an  air  burst: 


Casualty  Idealized 
Pattern 
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tcale;  1:250,000 
1 MT  - P±r  Burst 


Casualty  radii  for  various  weapon  sizes  and  types  of  burst,  samples  of 
idealized  patterns  for  estimating  casualties  from  air  and  surface  detonations 
and  multiple  detonations,  casualty  multipliers  for  air  and  sxirface  bursts  and 
detailed  instructions  for  deriving  casualties  from  direct  and  indirect  effects 
are  included  in  Chapter  ^ 

Blast  Damage 

For  estimating  blast  damage  to  structures,  facilities  and  objects,  two 
zones,  representing  different  distances  from  ground  zero  are  depicted  on  the 
idealized  pattern  - an  inner  and  outer  zone.  The  Inner  zone  represents  the 
area  in  which  structures,  facilities  and  objects  are  not  usable. for  survival 
operations  purposes.  They  sustained  severe  or  moderate  damage,  that  is,  either 
complete  destruction  or  major  repairs  are  required,  thus,  precluding  their 
effective  use.  The  outer  zone  represents  the  area  in  ‘vdiich  light  damage  is 
inflicted  and,  consequently,  the  effective  use  for  survival  operations  of  the 
structures,  facilities  and  objects  are  not  precluded.  The  following  schematic 
illustration  presents  the  shape  and  depicts  the  two  zones  of  the  blast  damage 
pattern: 
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Idealized  Blast  Damage  Pattern 
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The  definitions  of  the  terms  severe,  moderate  and  light,  as  they  apply  to 
various  types  of  structures,  facilities  and  objects,  ■will  be  found  in  sub- 
sequent paragraphs. 

For  damage  estimation  pvirposes,  identifying  the  effects  of  blast  damage 
on  structures,  facilities  and  objects  in  terms  of  their  effective  use  is  more 
meaningful  for  survival  operations  purposes.  Consequently,  the  severe  and 
moderate  damage  areas  have  been  combined  into  a single  zone.  All  structures 
located  within  the  zone  are  not  usable. 

Blast  damage  radii  for  various  weapon  sizes  and  types  of  burst,  samples 
of  idealized  patterns  for  estimating  blast  damage  from  air  and  surface  bursts 
and  detailed  instructions  for  deriving  an  estimate  of  the  blast  damage  inflicted 
to  various  -types  of  structures,  facilities  and  objects  will  be  found  in  the 
appropriate  subsequent  chapters. 

Fire  Damage 

Fires,  either  primary  or  secondary,  may  originate  in  the  area  of  blast 
damage.  Primary  fires  are  caused  by  thermal  radiation;  secondary  fires  by 
overturned  space  heaters,  broken  gas  lines,  and  short-circuited  electrical 
equipment. 

Primary  fires  would  be  more  mamerous  where  light,  dry,  flammable  materials 
such  as  combustible  trash,  window  curtains,  interior  furniture  and  furnishings, 
and  frayed  wood  shingles,  are  exposed.  Thermal  radiation  may  contribute  to 
the  overall  damage  by  igniting  combustible  materials,  e.g,  finely  divided  or 
thin  fuels  such  as  dried  leaves  and  newspapers,  and  thus  starting  fires  in 
buildings  or  forests.  These  fires  may  spread  rapidly  among  the  debris  produced 
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by  the  blast.  As  regards  the  direct  effects  of  thermal  radiation  on  struc- 
tures, generally  speaking,  they  are  inconsequential.  Ignition  of  materials 
depends  on  their  thickness,  moisture  content  and  temperature  level  at  the  time 
of  a nuclear  detonation.  Ignition  is  more  diffictilt  if  the  material  is  cold 
than  if  it  is  hot. 

Secondary  fires  occur  principally  within  structures.  Therefore,  they  are 
not  seriously  affected  by  moisture  conditions  outside.  The  incidence  of  these 
fires  is  closely  related  to  the  following: 

a.  type  of  heating  and  cooking  equipment 

b.  time  of  day 

c.  season  of  year 

d.  presence  or  absence  of  flammable  rubbish 

Mass  fires,  consisting  of  fire  storms  (great  stationary  fires  which 
generate  their  own  systems  of  in- blowing  winds)  and  conflagrations  (great 
fires  \diich  move  along  the  ground  under  the  influence  of  strong  winds)  are 
extremely  difficult  to  predict,  because  the  conditions  for  their  occurrence 
are  highly  variable  and  uncertain  and  depend  on  the  conditions  existing  at  the 
time  of  the  fire.  For  example,  combustible  frame  buildings  when  blown  down 
do  not  burn  as  rapidly  as  standing  buildings.  Also,  none  embus tible  debris 
produced  by  the  blast  may  cover  and  prevent  the  burning  of  combustible  material. 
Consequently,  methods  and  procedxires  for  estimating  the  effects  of  potential 
mass  fires  - fire  storms  and  conflagrations  - have  not  been  developed  and,  there- 
fore, are  not  included  in  this  document. 

For  estimating  the  extent  of  primary  fires  (ignition  of  fine  kindling 
fuels)  and  secondary  fires  (started  by  upset  stoves  and  furnaces,  electrical 


5 . 9 


short-circuits  and  broken  gas  lines),  two  zones,  representing  different 
distances  from  ground  zero  are  depicted  on  the  idealized  pattern  - an  inner 
and  outer  zone.  The  inner  zone  corresponds  to  the  blast  damage  inner  zone 
and  is  for  use  in  estimating  extent  of  secondary  fires;  the  outer  zone  is  for 
use  in  estimating  the  extent  of  primary  fires.  The  following  schematic  illus- 
tration presents  the  shape  and  depicts  the  two  zones  of  the  fire  damage  pattern: 


Idealized  Fire  Damage  Pattern 


Scale  - 1:250,000 
1 MT  - Air  Burst 
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Glass  Damage 


Structures  in  light  damaged  areas  will  sustain  broken  windows.  Use  of 
these  structures  may  require  replacement  of  the  shattered  glass.  Also,  broken 
glass  strewn  on  streets  may  present  a hazard  in  conducting  survival  operations. 
Consequently,  a knowledge  of  the  extent  of  the  area  sustaining  glass  damage  is 
required  to  assist  operational  personnel  in  preparing  plans  for  survival  opera- 
\ tions.  For  estimating  the  extent  of  the  glass  damage,  two  zones  representing 

‘ different  distances  from  ground  zero  are  depicted  on  the  idealized  pattern  - 

an  Inner  and  outer  zone.  The  inner  zone  represents  the  area  of  severe  and 
moderate  damage  and  indicates  structures  therein  sustained  a type  of  damage 
precluding  their  use.  Consequently,  no  estimate  of  glass  damage  is  required. 
The  outer  zone  represents  the  area  in  which  structures  probably  sustained  glass 
damage.  The  following  illustration  presents  the  shape  and  depicts  the  two 
) zones  of  the  glass  damage  pattern; 


Scale  - 1:250,000 
1 MT  - Air  Burst 
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The  perimeter  of  the  inner  zone  vill  vary  with  the  type  of  construction 
and  type  of  structure  under  consideration;  the  perimeter  of  the  outer  zone, 
however,  will  not  vary  with  the  type  of  construction  of  the  stmicture  under 
consideration.  Shattering  of  glass,  large  and  small,  occurs  when  the  side- 
on  blast  overpressure  is  between  0.5  to  1.0  psi. 

The  following  table  furnishes  the  radii  of  glass  damage  - the  distances, 
in  miles,  from  ground  zero  - for  various  weapon  sizes  and  types  of  bursts. 
Structures  located  within  the  areas  enccanpassed  by  the  radii  will  sustain 
shattering  of  glass. 


Weapon 

Typical 

Surface 

Size 

Air  Burst 

Burst(a) 

Radii 

Radii 

(mi) 

(mi) 

1 MT 

0.0-30.0 

0.0-22.5 

3 MT 

0.0-43.2 

0.0-32.4 

5 MT 

0.0-51.3 

0.0-38.5 

10  MT 

0.0-64.5 

0.0-48.4 

20  MT 

0.0-81.3 

0.0-61.0 

(a)  For  a surface  burst,  the  damage  range  is  three-quarters  that 
for  an  air  burst  of  the  same  yield. 

The  glass  damage  radii  are  so  large  that,  generally  speaking,  weapons 

detonated  in  or  near  urbanized  area  may  shatter  all  glass  within  an  urbanized 

area. 

Fallout 

For  practical  and  estimation  purposes,  it  is  convenient  to  consider  the 
nuclear  radiations  as  being  divided  into  two  categories  - initial  and  residual. 
Initial  radiation  refers  to  the  radiation  emitted  within  one  minute  of  the 
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detonation;  residual  radiation  is  that  which  is  emitted  later  than  one  minute 
from  the  Instant  of  explosion.  In  general,  in  an  air  hurst.  Initial  radia- 
tion will  not  extend  beyond  the  radii  of  severe  blast  damage,  A separate 
estimate  of  its  consequences  on  people  is  not  required.  In  the  development 
of  the  casualty  multipliers,  used  for  estimating  casualties,  the  effects  of 
initial  radiation  were  considered  and  included.  In  a surface  burst,  however, 
residual  radiation  within  the  blast  area  and  that  extending  beyond,  dispersed 
in  the  form  of  fallout  particles  over  large  areas  by  the  wind,  require  considera- 
tion for  estimating  both  casualties  and  land  area  affected.  Idealized  casualty 
patterns  for  estimating  casualties  from  direct  and  indirect  effects  for  sur- 
face bursts  as  well  as  methods  and  procedures  are  contained  in  Chapter  Iq 
The  distribution  on  the  ground  of  early  fallout,  i.e.  fallout  which 
reaches  the  ground  during  the  first  2k  hours  following  a nuclear  explosion, 
varies  with  the  wind  conditions,  dimensions  of  the  radioactive  cloud,  distri- 
bution of  the  radioactivity  within  the  mushroom  head,  range  of  particle  sizes, 
characteristics  of  the  weapon,  nature  of  the  s\irface  where  the  detonation  occurs 
and  other  variable  factors.  These  are  difficult  to  analyze,  interrelate  and 
their  effect  on  the  distribution  of  fallout  particles  on  the  ground  cannot  be 
predicted.  The  largest  particles  fall  to  the  ground  from  the  radioactive  cloud 
and  stem  shortly  after  the  explosion  and  hence  are  found  within  a short  distance 
of  gro\md  zero.  Smaller  particles,  on  the  other  hand,  require  many  hours  to 
fall  to  earth.  During  this  period  they  are  carried  hundreds  of  miles  from  the 
bTirst  point  by  the  prevailing  winds.  Consequently,  idealized  fallout  patterns 
have  been  developed  which  represent  an  average  fallout  field  for  a given  yield 
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and  wind  condition;  For  the  idealized  patterns,  the  actual  caE5)lex  wind 
system  is  replaced  by  an  approximately  equivalent  "effective  wind".  This 
is  taken  as  the  mean  value  of  the  wind  speed  and  direction  from  the  surface 
to  some  representative  level  in  the  cloud.  Also,  hy  assuming  little  or  no 
wind  sheeir,  that  is,  essentially  no  change  in  wind  direction  at  different 
altit\ides,  the  idealized  fallout  patterns  have  a regular  cigar-like  shape. 
The  following  schematic  illustration  depicts  an  idealized  fallout  pattern: 
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Total-dose  contours  from  early  fallout  at  1,  6,  and  18  hours  after 
surface  burst  with  1-megaton  fission  yield  (15  mph  effective  wind  speed). 


The  patterns  show  a number  of  "contours"  (or  "isodose"  lines)  for  cer- 
tain (arbitrary)  round- number  values  of  the  dose,  as  would  be  observed  on  the 
ground,  at  1,  6 and  18  hours, respectively,  after  the  explosion.  It  will  be 
understood,  of  course,  that  the  various  doses  change  gradually  from  one  contour 
line  to  the  next.  Sioailarly,  the  last  contour  line  does  not  represent  the 
limit  of  contamination,  since  the  dose  will  continue  to  fall  off  over  a greater 
distance. 

For  additional  explanatory  material  regarding  fallout  deposition  and  other 
related  aspects  see  i^pendix  E. 
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Damage  Classification 


For  the  piirposes  of  estimation,  damage  to  structures  or  objects  has 
been  divided  into  three  categories  as  foUovs; 

Severe  Damage  - A degree  of  damage  that  precludes  further  use  of  the 
structure  or  object  for  its  intended  purpose  without  essentially  complete 
reconstruction.  For  a structure  or  building,  collapse  is  generally  implied. 

Moderate  Damage  - A degree  of  damage  to  principal  members  that  precludes 
effective  use  of  the  structure  or  objects  for  its  intended  purpose  unless 
major  repairs  are  made. 

Light  Damage  - A degree  of  damage  to  buildings  resulting  in  broken 
windows,  slight  damage  to  roofing  and  siding,  blowing  down  of  light  interior 
partititions,  and  slight  cracking  of  curtain  walls  in  buildings. 

The  following  tables  furnish  for  various  types  of  structures,  structural 
elements,  equipment  and  objects  brief  descriptive  phrases  which  indicate 
damage  type: 


I 
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DAMAGE  TO  TYPES  OF  STRUCTURES  PRIMARILY  AFFECTED  BY 
BLAST  WAVE  OVERPRESSURE  DURING  THE  DIFFRACTION 
PHASE 


Description  of  dAinaKe 


Wftlls  l.rcached  oi 


Multistory  reinforced  con- 
crete building  with  rein- 
forced concrete  walls, 
blast  resistant  design  for 
30  psl  In  Mach  region  from 
1 MT;  no  window 

Multistory  reinforced  con- 
crete building  with  con- 
crete walls,  small  window 
area;  3 to  8 stories. 


Multistory  wall-bearing 
building,  brick  apartment 
house  type;  up  to  3 stories. 


Multistory  wall-bearlng- 
bulldlng,  monumental 
type;  up  to  4 stories. 


Wood  frame  building,  house 
type;  I or  3 stories. 


Walls  shattered, 
severe  frame 
distortion. 
Incipient  oollapee. 


Walls  shattered, 
severe  frame 
distortion. 
Incipient  collapse. 


Bearing  walls 
collapse,  resulting 
In  total  collapse  of 
structure. 

Bearing  walls 
collapse,  resulting 
In  collapse  of  struc- 
ture supported  by 
these  walls;  some 
bearing  walls  may 
be  shielded  enough 
by  Intervening 
walls  so  that  part  of 
the  structure  may 
receive  only  moder- 
ate damage. 

Frame  shattered  so 
that  for  the  most 
part  collapsed. 


point  of  being  so.  frame 
distorted.  Entrance  ways 
damaged,  doors  blown 
In  or  Jammed,  extensive 
spalling  of  concrete. 

Exterior  walls  badly 
cracked.  Interior  parti- 
tions badly  cracked  or 
blown  down.  Structur- 
al frame  permanently 
distorted,  extensl  ve  spal- 
ling of  concrete. 

Exterior  walls  badly 
cracked.  Interior  parti- 
tions badly  cracked  oi 
blown  down. 

Exterior  walls  facing  blast 
badly  cracked,  Interior 
partitions  bodly  cracked, 
although  toward  far  end 
of  building  damage  may 
be  reduced. 


Wall  framing  cracked,  roof 
badly  damaged.  Interior 
partitions  blown  down. 


Some  cracking  of  con- 
crete walls  and  frame. 


Windows  and  doors 
blown  In,  interior 
partitions  cracked. 


Windows  and  doors 
blown  in,  interior 
partitions  cracked. 


Windows  and  doors 
blown  In,  interior 
partitions  cracked. 


Windows  and  doors 
blown  in,  interior 
partitions  cracked. 
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DAMAGE  TO  TYPES  OF  STRUCTURES  PRIMARILY  AFFECTED  BY 
DYNAMIC  PRESSURE  DURING  THE  DRAG  PHASE 


Description  of  damage 


Light  steel  frame  industrial 
bonding,  single  story, 
with  up  to  6 ton  crane  ca- 
pacity. Lightweight,  low 
strength  walls  fail  quickly. 

Heavy  steel  frame  Industrial 
building,  single  story, 
with  25-50  ton  crane  ca- 
pacity. Lightweight,  low 
strength  walls  fall  quickly. 

Heavy  steel  frame  industrial 
building,  single  story, 
with  60-100  ton  crane  ca- 
pacity. Lightweight,  low 
strength  walls  fail  quickly. 

Multistory  steel  frame  office 
type  building,  3-10  stories 
(earthquake  resistant  con- 
struction). Lightweight, 
low  strength  walls  fall 
quickly. 

Multistory  steel  frame  office 
type  building,  3-10  stories 
(nonearthquake  resistant 
construction)  Light- 
weight, low  strength  walls 
fall  quickly. 

Multistory  reinforced  con- 
crete frame  office  type 
building,  3-10  stories 
(earthquake  resistant  con- 
struction). Lightweight, 
low  strength  walls  (ail 
quickly. 

Multistory  reinforced  con- 
crete frame  office  type 
building,  3-10  stories 
(nonearthquake  resistant 
construction).  Light- 
weight, low  strength  walls 
fail  quickly. 

Highway  trtiss  bridges, 
spans  150-250  ft. 


Railroad  truss  bridges, 
spans  150-250  ft. 


Highway  and  railroad  truss 
bridges,  spans  25(1-600  ft. 


Severe  distortion  or 
collapse  of  frame. 


Severe  distortion  or 
collapse  of  frame. 


Severe  distortion  or 
collapse  of  frame. 


Sevei  e frame  distortion, 
incipient  collapse. 


Severe  frame  distortion. 
Incipient  collapse. 


Severe  frame  distortion. 
Incipient  collapse. 


Severe  bame  distortion, 
incipient  collapse. 


Total  failure  of  lateral 
bracing,  collapse  of 
bridge. 

ToUl  (allure  of  lateral 
bracing,  collapse  of 
bridge. 

Total  failure  of  lateral 
bracing,  collapse  of 
bridge. 


Some  to  major  distortion 
of  frame,  cranes  (If  any) 
not  operable  until  re- 
pairs made. 

Some  distortion  to  frame, 
cranes  not  operable  until 
repairs  made. 


Some  distortion  to  frame, 
cranes  not  operable  until 
repairs  made. . 


Frame  distorted  moder- 
ately, interior  partitions 
blown  down. 


Frame  distorted  moder- 
ately, interior  partitions 
blown  down. 


Frame  distorted  moder- 
ately, interior  partitions 
blown  down.  Some 
spalling  of  concrete. 


Frame  distorted  moder- 
ately, interior  partitions 
blown  down.  Some 
spalling  of  concrete. 


Some  failure  of  lateral  brac- 
ing such  that  bridge 
capacity  is  reduced 
about  50  percent. 

Some  (allure  of  lateral  bra> 
Ing  such  that  bridge 
capacity  is  reduced 
about  50  percent. 

Borne  (allure  of  lateral  brac- 
ing such  that  bridge 
capacity  Is  reduced 
about  50  percent. 


Windows  and  doors 
blown  In,  light 
siding  ripped  off. 


Windows  and  doors 
blown  in,  Ugbt 
siding  ripped  off. 


Windows  and  doors 
blown  in,  light 
siding  ripped  off. 


Windows  and  doors 
blown  In,  light 
siding  ripped  off. 
Interior  partitions 
cracked. 

Windows  and  doors 
blown  In,  light 
Siding  ripped  off, 
interior  partitions 
cracked. 

Windows  and  doors 
blown  in,  light 
siding  ripped  off, 
interior  partitions 


Windows  and  doors 
blown  in,  light 
siding  lipped  off, 
Interior  partitions 
cracked. 


Capacity  of  bridge  un- 
changed, slight  distor- 
tion of  some  bridge 
components. 

Capacity  of  bridge  un- 
changed, slight  distor- 
tion of  some  bridge 
components. 

Capacity  of  bridge  un- 
changed, slight  distor- 
tion of  some  bridge 
components. 


CONDITIONS  OF  FAILURE  OF  PEAK  OVERPRESSURE-SENSITIVE 
ELEMENTS 


structural  element 


Glass  windows,  large  and  small 

Corrugated  asbestos  siding 

Corrugated  steel  or  aluminum  paneling 

Brick  waU  panel,  8 In.  or  12  In.  thick  (not 
reinforced). 

Wood  siding  panels,  standard  honse  constnc- 
tion. 


Shattering  usually,  occasional 
Shattering. 

Cormection  failure  followed  by  buckling. 
Shearing  and  flexure  failures 


Concrete  or  dnder-block  wall  panels,  8 In.  or 
12  In.  thick  (not  reinforced). 


In. 

Shattering  of  the  wall. 


UAMAGE  CRITERIA  FOR  SHALLOW  BURIED  STRUCTURES 


Type  of  structure 


Damage 

type 


Light,  oorrugated  steel  arch,  surfaee  Severe 

Mnicturr  (10-gage  corrugated  steel  Moderate... 
arttfe  a span  of  30-25  ft),  central  angle 
af  UO*  with  5 ft  of  earth  cover  at  the 


Nature  of  damage 


Collapse. 

Large  deformations  of  end  walls  and 
arch,  also  major  entrance  door 
damage. 

Damage  to  ventilation  and  entrance 
door. 


Burled  concrete  arch  with  a 15  ft  span  Severe 

and  ornlral  angle  of  160°;  8 In.  thick  Moderate... 
with  4 ft  of  earth  cover  at  the  crown. 


Light. 


Collapse. 

Large  deformations  with  consider- 
able cracking  and  spalling. 
Cracking  of  paneb,  possible  entrance 
door  damge. 


* In  the  case  of  arched  structures  reinforced  with  ribs,  the  collapse  pressure  Is  higher  depending  on  the 
number  of  ribs. 


DAMAGE  CRITERIA  FOR  LAND  TRANSPORTATION  EQUIPMENT 


Description  of  equipment 


Nature  of  damage 


Uetor  equipment  (oars  and 
Wweka). 


Railroad  rolling  stock  (box, 
flat,  tank,  and  gondola  cars). 


Railroad  looomoUves  (Diesel 
or  steam). 


Construction  equipment  (buU- 
doters  and  graders). 


Moderate... 
Light 

Moderate... 

Light 

Severe 

Moderate... 

Light 

Severe 

Moderate... 
Light 


Gross  distortion  of  frame,  large  displacements,  outstda 
appurtenances  (dorr  and  hoods)  tom  oS,  need  rebuilding 
before  use. 

Turned  over  and  displaced,  badly  dented,  frames  sprung, 
need  major  repairs. 

Glass  broken,  dents  In  body,  possibly  turned  over.  Im- 
mediately usable. 

Car  blown  from  tracks  and  badly  smashed,  extensive  dis- 
tortion, some  parts  usable. 

Doors  demolished,  body  damaged,  frame  distorted,  could 
|K>sslbly  roll  to  repair  shop. 

Some  door  and  body  damage,  car  can  continue  In  use. 

Overturned,  parts  blown  ofl,  sprung  and  twisted,  major 
overhaul  required. 

Probably  overturned,  can  be  towed  to  repair  shop  after 
being  rlgbted,  need  major  repairs. 

Glass  breakage  and  minor  damage  to  parte,  immediately 
usable. 

Extensive  distortion  of  frame  amd  crushing  of  sheet  metal, 
extensive  damage  to  tracks  and  wheels. 

Some  frame  distortion,  overturning,  track  and  wkael 
damage. 

Slight  damage  to  cabs  and  bousing,  glass  breakage. 


DAMAGE  CRITERIA  FOR  PARKED  AIRCRAFT 


Damage  type 


Nature  of  damage 


Overpressure 


Transport  airplanes. 
Light  liaison  craft... 
Helicopters 


ModeraU. 


Field  maintenance  required  to  restore  aircraft 
to  operational  status. 


Transport  airplanes. 
Light  liaison  craft... 
Hellcoptera 


Flight  of  the  aircraft  not  prevented,  althongh 
performance  may  be  restricted. 


Transport  airplanes. 
Light  liaison  oaft... 
Helicopters 
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DAMAGE  CRITERIA  FOR  SHIPPING  FROM  AIR  BLAST 


Damace  type 

Nature  of  damage 

- 

The  ship  Is  either  sunk  or  b damaged  to  the  extent  of  requiring  rehulldlng. 

The  ship  Is  Immobilized  and  requires  extensive  repairs,  specially  to  shock-sensitive 
components  or  their  foundations,  e.g.,  propulsive  machinery,  boilers,  and  int^or 
equipment. 

The  ship  may  still  be  able  to  operate,  although  there  will  be  damage  to  eleotronlo, 
electrical,  and  mechanical  equipment. 

DAMAGE  CRITERIA  FOR  FORESTS 


Up  to  90  percent  of  trees  blown  down;  remainder  denuded  of  branches 
and  leaves.  (Area  Impassable  to  vehicles  and  very  difficult  on  foot.) 

About  30  percent  of  trees  blown  down;  remainder  have  some  branches 
and  leaves  blown  oS.  (Area  passable  to  veblcles  only  after  extensive 
clearing.) 

Very  few  trees  blown  down;  some  leaves  and  branches  blown  off. 
(Area  passable  to  vehicles.) 
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Chapter  6 


General  Methodology  For  Developing  Estimates 
Damage  Vs.  Resources  Remaining 

The  application  of  the  graphic  techniques  and  procedures,  contained  in 
this  document,  vill  furnish  estimates  of  casualties  and  damage  to  individual 
resources  as  well  as  estimates  of  survivors  and  resources  remaining.  The  same 
idealized  patterns  are  employed;  however,  the  procedures  involved  differ.  For 
developing  estimates  of  blast  damage  to  an  individual  resource,  facilities 
located  within  severe  and  moderate  damage  zones  only  are  considered.  These 
are  not  usable  and,  therefore,  not  available.  For  developing  estimates  of 
resources  remaining,  the  non- suable  facilities  may  be  subtracted  from  the  total 
facilities  under  consideration.  The  figure  derived  in  this  manner  furnishes 
an  estimate  of  the  resources  remaining  or  usable  facilities.  An  alternate  and 
more  direct  procedure,  however,  may  be  employed.  The  procedure  involves  con- 
sideration of  facilities  located  within  the  light  damage  zone  and  in  undamaged 
areas  only.  These  facilities  are  usable  and,  therefore,  constitute  resources 
remaining.  Both  procedures  furnish  the  same  estimates  and,  therefore,  each 
analyst  has  the  option  of  selecting  the  procedure  considered  most  suitable. 

Developing  Separate  Estimates  for  ’’Direct"  and  "Indirect”  Effects 

For  practical  purposes,  it  is  convenient  to  develop  separate  estimates 
for  the  effects  within  the  blast  area  and  for  the  effects  beyond  the  blast 
area.  Direct  effects,  resulting  from  the  destructive  actions  due  to  blast. 
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shock  or  fire,  in  general,  are  confined  to  the  blast  area.  Indirect  effects, 
resulting  frcm  fallout  deposition,  extend  hundreds  of  miles  beyond  the  blast 
area. 

Direct  Effects 

For  estimating  direct  effects,  the  use  of  large  scale  maps,  such  as; 
1:24,000  or  intermediate  scale  maps,  such  as  1:250,000  or  1:500,000  are  re- 
commended. To  develop  estimates  of  the  effects  within  the  blast  area,  the 
idealized  patterns  for  casualties,  blast  and  fire  are  used.  For  both  casual- 
ties and  physical  damage  (blast  and  fire),  the  general  estimating  procedures 
are  the  same.  Various  types  of  transparent  idealized  pattern  overlays  are 
used  - one  for  estimating  casualties,  one  type  for  estimating  blast  damage 
and  another  type  for  estimating  fire  damage.  In  each  case,  the  appropriate 
transparent  overlay  representing  the  degree  of  damage  or  the  percentage  of 
casualties  or  survivors  in  each  of  the  areas  siirrounding  groimd  zero  is  super- 
imposed in  turn  on  various  maps  which  represent  locations  of  significant 
resources  or  distribution  of  people.  Damage  to  these  resources  or  injuries 
to  the  people  are  estimated  on  the  basis  of  the  degree  of  casualty  percentages 
indicated  on  the  various  parts  of  the  overlay.  Different  overlays  are  used 
for  different  size  bombs  and  types  of  bxrrsts. 

Indirect  Effects 

For  estimating  indirect  effects,  the  use  of  small  scale  maps,  such  as 
1:2,500,000  are  recommended.  To  develop  estimates  of  the  effects  beyond  the 
blast  area,  idealized  fallout  and  glass  damage  patterns  are  used.  For  estimat- 
ing the  extent  of  fallout  deposition,  dose  rates  and  dose  levels,  the  estimating 
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procedures  are  the  same.  Different  overlays  are  used  for  different  weapon 
yields.  The  appropriate  transparent  overlay  Is  siiperlrposed  on  the  small 
scale  maps  and  is  used  in  conjimctlon  with  tables  showing  dose  rates  and  dose 
figures  for  various  time  periods.  i^?pendix  t furnishes  detailed  ex- 
planatory instructions. 

Damage  Concepts 

When  considering  the  estimation  process,  it  is  essential  that  the  term 
"radius  of  damage"  be  thoroiighly  understood.  "Radius  of  Damage"  is  used 
with  respect  to  both  people  and  objects.  When  estimating  effects  on  people, 
the  "r^ius  of  damage"  is  referred  to  as  a "casualty  radius";  -vdien  estimating 
effects  on  objects,  the  "radius  of  damage"  is  referred  to  as  a "damage  radius". 

The  definition  of  the  radius  of  damage  is  derived  from  the  type  of 
damage  sustained  by  a particular  type  of  structure  as  well  as  the  distribution 
of  casualties  and  types  of  damage  sustained  by  average  buildings  in  a city 
in  and  around  ground  zero.  The  casualty  radii  for  estimating  casualties  are 
included  in  CHiapter  ; damage  radii  for  use  in  estimating  damage  to 

individual  Resources  are  included  in  the  various  chapters  pertaining  to  Resources. 
The  structiiral  composition  of  various  types  of  facilities  and  objects  respond 
differently  to  the  blast  effect.  Consequently,  the  types  of  damage  sustained 
by  each  structural  feature  Uit  the  same  distance  from  groxind  zero  will  vary. 

Where  ccaistruction  information  for  structures  is  available,  the  variations 
for  structural  features  in  the  blast  re^onse,  l.e.  their  susceptibility  to 
damage  (physical,  vulnerability)  should  be  taken  into  consideration. 

The  crater  radii  for  surface  bursts  have  not  been  developed.  The 
severe  damage  radii  data  for  surface  bursts  include  the  crater  effects. 
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Relationship  of  Zone  of  A- B-C-D- Damage  to  Idealized  Blast  Damage  Patterns 

In  the  past,  for  the  purposes  of  estimating  damage,  it  has  heen  cus- 
tamry  to  enqploy  four  zones  of  damage.  These  were: 

Zone  of  A-damage  - buildings  virtually  completely  destroyed 

Zone  of  B- damage  - buildings  severely  damaged  or  destroyed; 
buildings  must  be  tom  down 

Zone  of  C-damage  - buildings  moderately  or  severely  damage;  moderately 

damaged  buildings  must  be  vacated  for  repairs  | 

Zone  of  D-damage  - buildings  partially  damaged;  buildings  need  not  be  B 
vacated  during  repairs 

Ihe  adoption  of  four  damage  zones  and  identification  of  each  zone  ly 
meeins  of  an  alphabetic  letter  was  to  facilitate  the  identification  of  the 
types  of  damage  inflicted  by  a nuclear  detonation  on  structures.  Virtually 
completely  destroyed  (zone  of  A-damage)  and  severely  damaged  (zone  of  B-damage) 
structures  are  not  usable;  therefore,  the  prior  artificial  distinction  has 
been  eliminated. 

The  following  presents  the  relationship  of  the  formerly  employed  zones 
of  A- B-C- D-damage  with  the  current  recommended  idealized  blast  damage  pattern 
for  use  in  estimating  blast  damage  to  structures: 

Usability  Type  of  p«.mage 

of  Current  Former 

Structure  Identification  Identification 


Severe 


Zone  of  A-damage 
Zone  of  B-damage' 


Not 

Usable 


Moderate 


Zone  of  C-damage 


Usable 


Light 


Zone  of  D-damage 


Preparation  of  Idealized  Patterns  for  Estimating  Direct  Effects 


Furnished  in  this  document  for  each  Eesource  and  various  types  of 
structures  and  features  are  radii,  in  miles,  for  estimating  severe,  moderate 
and  light  blast  damage  and  fire  likeiy.  In  the  preparation  of  .idealized 
patterns  to  estimate  direct  effects  it  is  not  necessary  to  delineate  the 
perimeter  of  severe  damage.  Severe  and  moderate  damage  structures  are  not 
usable  for  sxirvival  operations]  consequently,  in  preparing  idealized  patterns^ 
the  perimeters  of  moderate  and  light  blast  damage  and  fire  likely  need  be 
delineated  only. 

Estimating  Damage  (Blast  and  Fire)  to  Average  Buildings 

In  general,  an  American  city  contains  an  intermingling  of  a variety 
of  residential  and  commercial  building  types  of  structures.  Plotting  each 
type  of  struct\are  on  maps  for  estimating  purposes  is  not  always  practical. 

It  is  convenient,  therefore,  for  certain  estimation  purposes  to  employ  a tech- 
nique based  on  an  "average  building"  concept.  "Average  building",  as  used 
herein,  refers  to  ordinary  types  of  buildings  most  commonly  used  in  a typical 
iirban  complex  in  American  cities.  The  types  of  structures  are  (a)  conventional 
residential  structures,  such  as:  brick  and  wood  frame  houses  and  multi-story 

brick  structxires  such  as  used  for  apartment  houses,  retail  and  wholesale  stores 
and  institutional  buildings  (b)  one  story  steel  and  wall  frame  commercial  and 
industrial  buildings.  The  average  building  concept  technique  may  be  used  for 
developing  estimates  of  damage  to  housing  as  well  as  for  developing  estimates 
of  damage  to  structures  in  general  where  detailed  construction  information  is 
not  readily  available  and  an  approximation  of  the  types  of  damage  sustained 
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is  desired.  The  blast  das.age  radii  for  aa  air  burst  are  based  on  the  assump- 
tloh  that  the  height  of  burst  Is  such  as  to  maximize  the  distance  to  ^ich 
each  type  of  blast  extends;  In  other  words,  the  radii  of  the  circles  give  the 
greatest  ranges  at  which  the  Indicated  blast  level  will  occur  for  any  air  burst 
Of  any  given  yield.  Ohe  surface  burst  radii  are  roughly  three-fourths  of  the 
air  burst  radii.  Structures  located  within  the  inner  zone,  consisting  of 
severe  and  moderate  damage  areas,  are  not  usable;  structures  located  within 
the  outer  zone  - light  damage  area  - are  usable  even  though  the  structures 
sustain  light  damage  to  window  frames,  doors  and  plaster.  Within  the  inner 
tone  there  will  be  a great  fire  hazard  to  structures  ftcM  secondaiy  fires;  with- 
in the  outer  zone  structoares  may  be  tother  damage  ly  primary  fires  resulting 
from  thermal  radiation.  The  fire  lihely  radii,  therefore,  are  also  furnished. 

Bre  following  schematic  Illustration  depicts  the  shape  and  boundaries  of 
the  Idealized  damage  (blast  and  fire)  pattern  for  "average  buildings"  for  a 
1 MT,  air  burst,  scale  1:250,000: 
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Idealized  Blast  Damage  Pattern 


Air  Biarst 
1 M3? 

(Maximized  Ranges) 


Note:  Inner  zone  represents  areas  of  severe  and  moderate  damage  to  structxires. 

Outer  zone  represents  areas  of  light  damage  to  structures. 


6 . 7 


Average  Buildings 


Weapon 

Size 

(Megatons) 
1 MT 

3 MT 


5 MT 


10  MT 


20  MT 


Type 

Air  Burst 

Siirface  Burst 

of 

Radii 

Radii 

Damage 

(miles) 

(miles) 

Severe 

0.0  - 4.5 

0.0  - 

3.4 

Moderate 

4.5  - 6.0 

3.^  - 

4.5 

Light 

6.0  - 13.0 

4o5  - 

9.8 

Fire  Likely 

0.0  - 9.6 

0.0  - 

5.3 

Severe 

0.0  - 6.5 

0.0  - 

4.9 

Moderate 

6.5  - 8.6 

4.9  - 

6.5 

Light 

8.6  - 18.7 

6.5  - 

14.1 

Fire  Likely 

0.0  - 13.8 

0.0  - 

7.6 

(Derivation: 

1,44  times 

figures  for  a 

1 MT) 

Severe 

0.0  - 7.7 

0.0  - 

5.8 

Moderate 

7.7  - 10.3 

5.8  - 

7.7 

Light 

10.3  - 22.2 

7.7  - 

16.8 

Fire  Likely 

0.0  - 16.^ 

0.0  - 

9.1 

(Derivation: 

1.71  times 

figures  fpr  a 

1 MT) 

Severe 

0.0  - 9.7 

0.0  - 

7.3 

Moderate 

9.7  - 12.9 

7.3  - 

9.7 

Light 

12.9  - 28.0 

9.7  - 

21.1 

Fire  Likely 

0.0  - 20.6 

0.0  - 

11.4 

(Derivation: 

2.15  times 

figures  for  a 1 MT) 

Severe 

0.0  - 12.2 

0.0  - 

9.2 

Moderate 

12.2  - 16. 3 

9.2  - 

12.2 

Light 

16.3  - 35.2 

12.2  . 

- 26.6 

Fire  Likely 

0.0  - 26.0 

0.0  - 

14.4 

(Derivation: 

2.71  times 

figures  for  a 1 MT) 

Table  6-1 
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Estimating  Damage  to  Particular  Types  of  Buildings 

Where  detailed  information  regarding  the  construction  of  a structure 
is  available,  the  damage  radii  for  the  type  of  structure  under  consideration 
may  be  employed  for  estimation  purposes.  Damage  radii  for  air  and  sur- 
face bursts  for  various  types  of  structures  used  for  residential,  institutional, 
commercial  and  industrial  purposes  have  been  developed  and  are  contained 

in  Tables , Radii  for  the  following  types  of  structures  have  been 

developed: 

Residential  and  Institutional 

a.  Wood  frame 

b.  Wall-bearing  - 2 story 

c.  Wall -bearing  - 3 to  5 story  (apartment  house  type) 
Commercial 

a.  Wall -bearing  - 2 story 

b.  Wall-bearing  (monumental  type)  - multi-story 

c.  Steel  frame  - conventional  design 

d.  Steel  frame  - multi-story 

e.  Reinforced  concrete  (conventional)  - multi-story 

f.  Reinforced  concrete  frame  - multi-story 
Industrial 

a.  Light  steel  frame 

b.  Heavy  steel  frame  - 25  to  50  ton  crane 

c.  Heavy  steel  frame  - 60  to  100  ton  crane 


6.9 


Buildings 


Weapon 

Size 

(Megatons) 
1 MT 


3 MT 


5 MT 


10  MT 


20  MT 


Residential 


Wood  Frame 


Type 

of 

Damage 

Severe 

Air  Burst 
Radii 
(miles) 

0.0  - 5-8 

Surface  Burst 
Radii 
(miles) 

0.0  - 4.5 

Moderate 

5.8  - 6.8 

4.5  - 

5.2 

Light 

6.8  - 10.0 

5.2  - 

8.8 

Fire  Likely 

o.d  - 9.6 

0.0  - 

5.3 

Severe 

0.0  - 8.4 

0.0  - 

6.5 

Moderate 

B.4  -■  97B — 

6.5  - 

7.5 

Light 

9.8  - 14.4 

7.5  - 

12.7 

(Derivation:  l.ij4  times  figures  for 

a 1 MT) 

Severe 

0.0  - 9.9 

0.0  - 

7.8 

Moderate 

9.9  - 11.6 

7.8  - 

8.9 

Light 

11.6  - 17.1 

8.9  - 

15.0 

Fire  Likely 

0.0  - 16.4 

0.0  - 

9.1 

(Derivation:  1;71  times  figures  for 

a 1 MT) 

Severe 

0.0  - 12.5 

0.0  - 

9.7 

Moderate 

12.5  - 14.6 

9.T  - 

11.2 

Light 

14.6  - 21.5 

11.2  . 

- 18.9 

Fire  Likely 

0.0  - 20.6 

0.0  - 

11.4 

(Derivation:  2.15  times  figures  for 

a 1 MT) 

Severe 

0.0  - 15.7 

0.0  - 

12.2 

Moderate 

15.7  - 18.4 

12.2  . 

- 14.1 

Light 

18.4  - 27.1 

14.1  . 

- 23.8 

Fire  Likely 

0.0  - 26.0 

0.0  - 

14.4 

(Derivation:  2.71  times  figures  for  a 1 MT) 


Table  6-2 


6.10 


Building 


Residential 


Wall-Bearing  - 2 Story 


Weapon 

Type 

Air  Burst 

Surface  Burst 

Size 

of 

Radii 

Radii 

(Megatons) 

Damage 

(miles) 

(miles) 

1 MT 

Severe 

0.0  - 3.9 

0.0  - 

3.0 

Moderate 

3.9  - 5.2 

3.0  - 

4.0 

Light 

5.2  - 10.0 

4.0  - 

8.8 

Fire  Likely 

0.0  - 9.6 

0.0  - 

5.3 

3 MT 

Severe 

0.0  - 5.6 

0.0  - 

^.3 

Moderate 

5.6  - 7.5 

4.3  - 

5. a 

Light 

7.5  - i4.4 

5.8  - 

12.7 

Fire  Likely 

0.0  - 13.8 

0.0  - 

7.6 

(Derivation: 

1:44 

times  figures  for 

a 

1 MT) 

5 MT 

Severe 

0.0  - 6.7 

0.0  - 

5.1 

Moderate 

6.7  - a.9 

5.1  - 

6.8 

Light 

8.9  - 17.1 

6.8  - 

15.0 

Fire  Likely 

0.0  - 16.4 

0.0  - 

9.1 

(Derivation; 

1.71 

times  figures  for 

a 

1 MT) 

10  MT 

Severe 

0.0  - 8.4 

0.0  - 

6.5 

Moderate 

8.4  - 11.2 

6.5  - 

8.6 

Light 

11.2  - 21.5 

8.6  - 

"1^79 

Fire  Likely 

0.0  - 20.6 

0.0  - 

11.4 

(Derivation: 

2.15 

times  figures  for 

a 

1 MT) 

20  MT 

Severe 

0.0  - 10.6 

0.0  - 

8.1 

Moderate 

10.6  - 14.1 

8.1  - 

10.8 

Light 

14.1  - 27.1 

10.8  ■ 

- 23. a 

Fire  Likely 

0.0  - 26.0 

0.0  - 

14.4 

(Derivation: 

2.71 

times  figures  for 

a 

1 MT) 

Table  6-3 


6.11 


Building 


Residential 


Wall-teaxlng  - 3 to  ^ Story 
(Apartment  House  Type) 


Weapon 

Type 

Air  Burst 

Surface  Burst 

Size 

of 

Radii 

Radii 

(Megatons) 

Damage 

(miles) 

(miles) 

1 MT 

Severe 

0.0  - 3.2 

0.0  - 2.4 

Moderate 

3.2  - 3.9 

2,\  - 3.0 

Light 

3.9  - 10.0 

3.0  - 8.'8 

Fire  Likely 

0.0  - 9.6 

0.0  - 5.3 

3 MT 

Severe 

0.0  - k.6 

0.0  - 3.5 

Moderate 

4.6  - 5.6 

3.5  - 4.3 

Light 

5.6  - 14.4 

4.3  - 12.7 

Fire  Likely 

0.0  13.8 

0.0  - 7.6 

(Derivation: 

1,44  times  figures  for 

a 1 MT) 

5 MT 

Severe 

0.0  - 5.5 

0.0  - 4.1 

Moderate 

5.5  - 6.7 

4.1  - 5.1 

Light 

b.7  - 17.1 

5.1  - 15.0 

Fire  Likely 

d.o  - 16. 

0.0  - 9.1 

(Derivation: 

1.71  times  figures  for 

a 1 MT) 

10  MT 

Severe 

0.0  - 6.9 

0.0  - 5.2 

Moderate 

6.9  - 8.4 

5.2  - 6.5 

Light 

8.4  - 21.5 

6.5  - 18. 9 

Fire  Likely 

0.0  - 20.6 

0.0  - 11.4 

(Derivation: 

2.15  times  figures  for 

a 1 MT) 

20  MT 

Severe 

0.0  - 8.7 

0.0  - 6.5 

Moderate 

8.7  - 10.6 

' 6.5  - 8.0 

Light 

10.6  - 27.1 

8.0  - 23.8 

Fire  Likely 

0.0  - 26.0 

0.0  - 14.4 

(Derivation:  2,71  times  figures  for  a 1 MT) 


Table  6-U 
6.12 


BuilcLlng 


Commercial 


2 Story  - Wall-bearing 

VeapoQ. 

lype 

Air  Burst 

Surface  Burst 

Size  , 

of 

Radii 

Radii 

(Megatons) 

damage 

(miles) 

(miles) 

1 m 

Severe 

0.0  - 3.5 

0.0  - 2.6 

Moderate 

3.5  - 't.5 

2.6  - 3.^ 

Light 

4.5  - 10.0 

'3.4  - 8.S 

Fire  Likely 

0.0  - 9.6 

0.0  - 5.3 

3 ME 

Severe 

0.0  - 5.0 

0.0  - 3.7 

Moderate 

^.b  - b.5 

Light 

6.5  - 14.4 

4.9  - 12.7 

Fire  Likely 

' 0.0  - 13.8 

0.0  - 7.6 

(Derivation: 

1.44  times  figures  for  a 

1 ME) 

5 ME 

Severe 

0.0  - 6.0 

0.0  - 4.4 

Moderate 

6.0  - 7. a 

4.4  - 5.8 

Light 

7.6  - 17.1 

5.S  - 15.0 

Fire  Likely 

0.0  - 16.4 

0.0  - 9.1 

(Derivation: 

1.71  times  figures  for  a 

1 me) 

10  ME 

Severe 

0.0  - 7.5 

0.0  - 5.6 

Moderate 

7.5  - 9.7 

5.6  - 7.3 

Light 

9.7  - 21.5 

7.3  - ia.9 

Fire  Likely 

0.0  - 20.6 

0.0  - 11.4 

(Derivation: 

2.15  times  figTires  for  c 

i 1 me) 

20  ME 

Severe 

0.0  - 9.5 

0.0  - 7*0 

Moderate 

9.5  - 12.2 

OJ 

o\ 

0 

tL 

Light 

12.2  - 27.1 

9.2  - 23.6 

Fire  Likely 

0.0  - 26.0 

0.0  - i4.4 

(Derivation: 

2.71  times  figures  for  a 

1 me) 

Table  6-^ 


6.13 


Building 


Commercial  - Office 


Multi- story  - Wall  beau*lng  Monumental 


Weapon 

Type 

Air  Burst 

Surface  Burst 

Size 

of 

Radii 

Radii 

(Megatons) 

Damage 

(miles) 

(miles) 

1 MT 

Severe 

0.0  - 1.2 

0.0  - 1.6 

Moderate 

1.2  - 2.2 

1.6  - 1.9 

Light 

2.2  - 10.0 

i.9‘'-‘'8':B — 

Fire  Likely 

0.0  - 9.6 

0.0  - 5.3 

3 mt 

Severe 

0.0  - 1.7 

0.0  - 2.3 

Moderate 

1.7  - 3.2 

2.3  - 2.7 

Light 

3.2  - 14.4 

2.7  - 12.7 

Fire  Likely 

0.0  - 13. B 

1 

0 

D 

(Derivation: 

1.1^4 

times  figures  for 

a 1 mt) 

5 MT 

Severe 

0.0  - 2ol 

0.0  - 2.7 

Moderate 

2.1  - 3.B 

2.7  - 3.2 

Light 

3.5  - lY.l 

3.2  - i5c0 

Fire  Likely 

0.0  - 16.4 

0.0  - 9.1 

(Derivation: 

H 

H 

times  figures  for 

a 1 mt) 

10  MT 

Severe 

0.0  - 2.6 

0.0  - 3.^ 

Moderate 

2.6  - 4.7 

3.4  - 4.1 

Light 

4.7  - 21.5 

■ 4:1 '-'iBV^"’ 

Fire  Likely 

0.0  - 20.6 

0.0  - 11.4  ■ 

(Derivation: 

2.15 

times  figures  for 

a 1 mt) 

20  MT 

Severe 

0.0  - 3.3 

0.0  - 4.3 

Moderate 

3.3  - e>.o 

't.s  - 5.i 

Light 

6.0  - 27.1 

5.1  - 23.6 

Fire  Likely 

0.0  - 26.0 

0.0  - i4.4 

2.71  times  figures  for  a 1 MT) 


Table  6-6 

6.1k 


(Derivation: 


Building 


Commercial 


Steel  Frame  - Conventional  Design 

Weapon 

Type 

Air  Burst 

Size 

of 

Radii 

(Megatons) 

Damage 

(miles) 

1 MT 

Severe 

0.0  - 1.7 

Moderate 

1.7  - 2.4 

Light 

2.4  - 10.0 

Fire  Likely 

0.0  - 9;6 

3 mt 

Severe 

0.0  - 2.4 

Moderate 

2.4  - 3.5 

Light 

~3TF^~l5TIt~ 

Fire  Likely 

0.0  - 13.3 

(Derivation: 

1.44  times  figures  for 

5 MT 

Severe 

0.0  - 2.9 

Moderate 

2.9  - 4.1 

Light 

4.1-  - 17.1 

Fire  Likely 

0.0  - 16.4 

(Derivation: 

1.71  times  figures  for 

10  MT 

Severe 

0.0  - 3.7 

Moderate 

3.7  - 5.2 

Light 

5.2  - 21.5 

Fire  Likely 

0.0  - 20.6 

(Derivation: 

2.15  times  figures  for 

20  MT 

Severe 

0.0  - 4.6 

Moderate 

4.6  - 6.5 

Light 

fe.5  - 27.1 

Fire  Likely 

0.0  - 26.0 

(Derivation:  2*71  times  figures  for 


Surface  Burst 
Radii 
(miles) 

0.0  - 1.6 
1*6  - 1.9 
1.9  - B.8 
0.0  - ^.3 


0.0  - 2.3 
2.3  - 2.7 
2.7  - 12.7 
0.0  - 7.6“ 


1 MT) 

0.0  - 2.7 
2.7  - 3.2 
3.2'-  19.0 
0.0  - 9.1 


1 mt) 

0.0  - 3.4 
3.4  - 4.1 
4.1  - 18.9 
0.0  - 11.4 


1 m) 

0.0  - 4.3 

4.3  - 

5.1  - 23.6 
0.0  - 14.4 


1 mt) 


Table  6-7 

6.15 


BulldlDg 


Weapon 

Size 

(Megatons) 
1 MT 


3 MT 


5 MT 


10  MT 


20  MT 


Commercial 


Multi- story 

- Steel  Frame 

Type 

Air  Burst 

Surface  Burst 

of 

Radii 

Radii 

Damage 

(miles) 

(miles) 

Severe 

0.0  - 1.7 

0.0  - 1.6 

Moderate 

1.7  - 2.^ 

1.6  - 1.9 

Light 

2.4  - 10.0 

1.9  - 6.B 

Fire  Likely 

0.0  - 9.6 

0.0  - 5.3 

Severe 

0.0  - 2.4 

0.0  - 2.3 

Moderate 

2.4  - 3.5 

2.3  - 2.7 

Light 

3.5  - 14.4 

2.7  - 12.7 

Fire  Likely 

0.0  - 13.8 

0.0  - 7.6 

(Derivation: 

i.kh 

times  figures 

for  a 1 MT) 

Severe 

0.0  - 2.9 

0.0  - 2.7 

Moderate 

2.9  - h.l 

2.7  - 3.2 

Light 

4.1  - 17.1 

3.2  - 15.0 

Fixe  Likely 

0.0  - 16.4 

0.0  - 9.1 

(Derivation; 

1.71 

times  figures 

for  a 1 MT) 

Severe 

0.0  - 3.7 

0.0  - 3.^ 

Moderate 

3.7  - ^.2 

3.4  - 4.1 

Light 

5.2  - 21.5 

4.1  - 18.9 

Fire  Likely 

0.0  - 20'. 6 

0.0  - 11.4 

(Derivation: 

2.15 

times  figures 

for  a 1 MT) 

Severe 

0.0  - 4.6 

0.0  - 4.3 

Moderate 

4.6  - 6.5 

4.3  - 5.1 

Light 

b.5  - 27.1 

5.1  - 23.6 

Fire  Likely 

0.0  - 26.0 

0.0  - i4.4 

(Derivation: 

2.71 

times  figures 

for  a 1 MT) 

Table  6-8 


6.16 


Building 


Commercial 


Reinforced  Concrete  - Conventional 


Weapon 

Type 

Air  Burst 

Size 

of 

Radii 

(Megatons) 

Damage 

(miles) 

1 ME 

Severe 

0.0  - 1.4 

Moderate 

1.4  - 1.7 

Light 

1.7  - 10.0 

Fire  Lively 

0.0  - 9.6 

3 MT 

Severe 

0.0  - 2.0 

Moderate 

2.0  - 2.4 

Light 

2.4  - 14.4 

Fire  Likely 

0.0  - 13.6 

(Derivation: 

1.44 

times  figures  for  a 

5 ME 

Severe 

0.0  - 2.4 

Moderate 

2.4  - 2.9 

Light 

2.9  - 17.1 

Fire  Likely 

0.0  - 16.4 

(Derivation; 

1.71 

times  figures  for  a 

10  ME 

Severe 

0.0  - 3.0 

Moderate 

3.0  - 3.7 

Light 

3.7  - 21.5 

Fire  Likely 

0.0  - 20.6 

(Derivation: 

2.15 

times  figures  for  a 

20  ME 

Severe 

0.0  - 3.8 

Moderate 

' ' 3.8  "T7E — 

Light 

4.6  - 27.1 

Fire  Likely 

0.0  - 26.0 

(Derivation; 

2.71 

times  figures  for  a 

Surface  Burst 
Radii 
(miles) 

0. 0  - 1.4 
1.4  - 1.6 

1. B"V  878 — 
0.0  - ^.3 


0.0  - 2.0 
2.0  - 2.3 
2.3  - 12.7 
0.0  - 7.6  " 


1 m) 

0.0  - 2.4 
' 2.4  - 2.7 
2.7  - 15.0 
0.0  - 9.1 


1 Mr) 

0.0  - 3.0 
3.0  - 3.^ 

'■■3.4-- 1879 

0.0  - 11.4 


1 md) 

0.0  - 3.8 
3.8  - 4.3 
4.3  - 2375“ 

0.0  - 14.4 


1 MT) 


Table  6-9 

6.17 


Building 


Connnercial 


Multi- story  - 

Reinforced  Concrete  - Frame 

Weapon 

Tyipe 

Air  Burst 

Surface  Burst 

Size 

of 

Radii 

Radii 

(Megatons) 

Damage 

(miles) 

(miles) 

1 MT 

Severe 

0.0  - 1.4 

0.0  - 1.4 

Moderate 

1.4  - i.Y 

1.4  - 1.6 

Light 

1.7  - 10.0 

1.6  - 8.8 

Fire  Likely 

0.0  - 9.6 

0.0  - 5.3 

3 MT 

Severe 

0.0  - 2.0 

i 

0.0  - 2.0 

Moderate 

2.0  - 2.4 

2.0  - 2.3 

Light 

2.4  - 14.4 

2o3  - 12.7 

Fire  Likely 

0.0  - 13. B 

0.0  - 7.6  1 

(Derivation; 

1.4L 

times  figures 

for 

a 

1 

1 MT) 

5 MT 

Severe 

0.0  - 2.4 

0.0  - 2.4 

Moderate 

2.4  - 2.9  ' 

2.4  - 2.7 

Light 

2.9  - 17.1 

2.7  - 15.0 

Fire  Likely 

6.0  - 16.4 

0.0  - 9.1 

(Derivation; 

1.71 

times  figures 

for 

a 

1 MT) 

10  MT 

Severe 

0.0  - 3.0 

0.0  - 3.0 

Moderate 

3.0  - 3.7 

3.0  - 3.^ 

Light 

3.7  - 21.5 

3.4  - 18.9 

Fire  Likely 

0.0  - 20.6 

0.0  - 11.4 

(Derivation; 

2.15 

times  figures 

for 

a 

1 MT) 

20  m 

Severe 

0.0  - 3.8 

0.0  - 3.8 

Moderate 

3.8  - 4.6 

3. a - 4.3 

Light 

4.6  - 27.1 

4.3  - 23.8 

Fire  Likely 

0.0  - 26.0 

0.0  - 14.4 

(Derivation; 

2.71 

times  figures 

for 

a 

1 MT) 

Table  6-10 


6.18 


Building 


Industrial 


Light  Steel  Frame 


Weapon 

Type 

Air  Burst 

Surface  Burst 

Size 

of 

Radii 

Radii 

(Megatons) 

Damage 

(miles) 

(miles) 

1 ME 

Severe 

0.0  - 2.8 

0.0  - 2.1 

Moderate 

2.0  - 3.5 

2.1  - 2.7 

Light 

3.5  - 10.0 

0.0  - 5.3  . 

Fire  Likely 

0.0  - 9.6 

0.0  - 5.3 

3 ME 

Severe 

0.0  - 4.0 

0.0  - 3.0 

Moderate 

4.0  - 5.0 

3.0  - 3.8 

Light 

5.0  - 14.4 

3.8  - 12.7 

Fire  Likely 

0.0  - 13.'8 

0.0  - 7.6 

(Derivation: 

1.44  times  figures  for 

a 1 MT) 

5 ME 

Severe 

0.0  - 4.8 

0.0  - 3.6 

Moderate 

4.8  - 6.0 

3-b  - 

Light 

0.0  - 17.1 

“t.?  - 15.0 

Fire  Likely 

0.0  - 16.4 

0.0  - 9.1 

(Derivation: 

1,71  times  figures  for 

a 1 MIE) 

10  ME 

Severe 

0.0  - 6.0 

0.0  - 4.5 

Moderate 

fe.o  - Y.5 

Light 

7.5  - 21.5 

5.'B  -TB.y 

Fire  Likely 

0.0  - 20.6 

0.0  - 11.4 

(Derivation: 

2.15  times  figures  for 

a 1 ME) 

20  ME 

Severe 

0.0  - 7.6 

0.0  - 5.6 

Moderate 

7.6  - 9.5 

5.e>  - 7.3 

Light 

9.5  - 27.1 

7.3  - 23.8 

Fire  Likely 

0.0  - 26.0 

0.0  - 14o4 

(Derivation:  2,71  times  figures  for  a 1 ME) 


Table  6-11 
6.19 


BUILDING 


Weapon 

Size 

(Megatons) 
1 MX 


3 MX 


5 MX 


10  MX 


20  MX 


Industrial 


Heavy  Steel  Frame  (25  to  50  Xon  Crane) 


Type 

of 

Damage 


Air  Burst 
Radii 
(miles) 


Surface  Burst 
Radii 
(miles) 


Severe 

Moderate 

Light 

Fire  Likely 


0.0  - 2,4 
2.4  - 3.2 
3.2  - 10.0 
0.0' - 9.6 


0.0  - 1.8 


1.  8 

-2.4 

2.U 

- 6.8 

0.0 

- 5.3 

Severe 

Moderate 

Light 

Fire  Likely 


0.  0 - 3.  5 
3.  5 - 4.  6 

U.6  -Ih.h 
0.0  - 13.8 


0.0  - 2.6 

2.  6 - 3. 5 

3. ^  - 12.7 

0.0  - 7.6 


(Derivation:  1.44  times  figures  for  a 1 MX) 


Severe 

Moderate 

Light 

Fire  Likely 


0.0  - 4.2 

4.  2 - 5.  7 
$.7  -17.1 
0.0  - 16. V 


0.0  - 3.1 
3.1  - 4.1 

-I5t0 

0.0  - 9.1 


(Derivation:  1.  71  times  figures  for  a 1 MX) 

0.0  - 3.9 
3.9  - 5.2 
5.2  -18.9 
~Q7^~ll.ii 


(Derivation:  2.15  times  figures  for  a 1 MX) 


Severe 

Moderate 

Light 

Fire  Likely 


0.  0 - 5.  2 
5.2  - 6.9 

6.9  -21.5 

0:0’-'20.6 


Severe 

Moderate 

Light 

Fire  Likely 


0.  0 - 6.  5 
6.  5 - 8.  7 
6.7  -27.1 
0.0  -26.0 


0.  0 - 4.  9 
4.  9 - 6.  5 

6.5.  -.21,^. 

0.0  - la.ix 


(Derivation:  2.  71  times  figures  for  a 1 MX) 


Table  6-12 
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Building 

Industrial 


Heavy  Steel  Frame  (60  to  100  Ton  Crane) 

Weapon 

Type 

Air  Burst 

Surface  Burst 

Size 

of 

Radii 

Radii 

(Megatons) 

Damage 

(miles) 

(miles) 

1 MT 

Severe 

0.0  - 2.1 

0.  0 - 1.  6 

Moderate 

2. 1 - 2.  6 

1.  6 - 1.  9 

Light 

2.6  - 10.0 

1.9  - 6.8 

Fire  Likely 

0.0  - 9.6 

0.0  - 5.3 

3 MT 

Severe 

0.  0 - 3.  0 

0.  0 - 2.  3 

Moderate 

3.  0 - 3.  7 

2.  3 - 2.  8 

Light 

3.7  -lli.li 

2.8  - 12.7 

Fire  Likely 

0.0  - 13.8 

0.0  - 7.6 

(Derivation:  1.  44 

times  figures 

for  a 1 MT) 

5 MT 

Severe 

0.  C - 3.  6 

0.  0 - 2.  7 

Moderate 

3.  6 - 4.  4 

2.  7 - 3.  6 

Light 

U.a  -17.1 

3.6  - 15.0 

Fire  Likely 

0.0  -16.1; 

0.0  - 9.1 

(Derivation:  1.  71 

times  figures 

for  a 1 MT) 

10  MT 

Severe 

0.,0  - 4.  5 

0.0  - 3.4 

Moderate 

4.5  - 5.  6 ' 

3.  4 - 4.  2 

Light 

5.6  -21.5 

li.2  - 18.9 

Fire  Likely 

0.0  -20.6 

0.0  - 11.1; 

(Derivation:  2.15  times  figures  for  a 1 MT) 


The  damage  radii  are  based  on  a combination  of  the  information 


collected  after  the  explosions  in  Japan  and  the  data  obtained  at  various 
nuclear  tests  with  a theoretical  analysis  of  loading  and  response  to  blast 
taken  into  consideration. 

The  purpose  of  developing  and  furnishing  damage  radii  for  various 
types  of  structures  is  to  enable  civil  defense  organizations  to  develop 


estimates 

for  urban  features  such  as: 

churches  - schools  - neighborhood  shopping  centers  - 
motion  picture  theaters  - hospitals  - nursing  homes  - 
welfare  institutions  - police  and  fire  stations  - 
retail  and  whole;^^ores  - department  stores  - financial 
institutions  - office  and  industrial  buildings  - public 
buildings  - hotels  and  motels  - garages  - warehouses  - 
nursing  homes  - homes  for  children  and  aged  - convents  - 

monasteries  - and  so  forth. 

In  estimating  direct  effects  to  individual  types  of  structures,  a 
separate  idealized  pattern  has  to  be  prepared  for  each  type  of  structure 
vinder  consideration. 
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Estimating  Thermal  Damage 

Blast  is  responsible  for  most  of  the  destruction  caused  by  a nuclear 
air  or  surface  detonation.  However,  fires  originating  from  ignition  of 
combustible  materials  by  direct  thermal  radiation  will  contribute  to  the 
overall  damage.  Thermal  radiation  also  inflicts  burn  injuries  to  people. 
First  and  second  degree  burns  produce  casualties.  This  aspect  of  the 
effects  of  thermal  radiation  is  discussed  in  Chapter  ^ . 

Thermal  damage  res\ilts  from  "primary  (or  direct)  first"  initiated 
by  the  ignition  of  finely  divided  or  thin  fuels,  such  as:  newspapers  and  dried 
leaves  and  thus  starting  fires  in  buildings  or  forests.  The  radii  of  thermal 
ignition  for  specific  objects  are  derived  from  the  distances  at  which  the 
ignition  energy  (calcm)  would  initiate  ignition.  Each  type  of  fabric,  house- 
hold material  and  dry  forest  fuel  requires  a different  ignition  energy.  The 
distances  (or  radii)  therefore,  at  which  ignition  occurs  differ.  It  is  not 
practical  to  plot  the  specific  locations  of  the  various  types  of  fabrics, 
household  materials  and  dry  forest  fuels.  In  estimating  thermal  damage, 
therefore,  it  has  been  customary  to  employ  the  concept  of  fires  initiated 
under  average  conditions.  This  eliminates  the  preparation  of  a multitude 
of  maps  and  thermal  damage  templates. 

The  radius  of  thermal  ignition  for  fires  initiated  under  average 
conditions  is  derived  from  the  distance  at  which  a specific  calories  per 
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square  centimeter  is  expected  to  ignite  various  combustible  fuels. 


particularly  newspapers.  The  specific  calories  per  square  centimeter 


used  for  weapon  size  1 MT  thru  20  MT  are: 


5 cal/sq  cm  - 1 MT 

6 cal/sq  cm  - 3 MT  and  5 MT 

7 cal/sq  cm  - 10  MT  and  20  MT 

The  following  furnishes  the  radii  for  fires  initiated  by  thermal 
radiation: 

Weapons  Air  Burst  Surface  Burst 

Size  Radii  (mi.  ) Radii  (mi. ) 


1 MT 
3 MT 
5 MT 
10  MT 
20  MT 


0.  0 - U.  0 

0.  0 

-6.6 

0.0  - 18.0 

o 

o 

- 10.8 

0.0  - 22.0 

0.  0 

- 13.2 

0.0  - 31.0 

0.  0 

- 18.6 

0.  0 - 42. 0 

0.  0 

- 25.2 

Remarks:  1.  Criteria  - 5 calories /square  centimeter 

2.  Assumptions:  Average  conditions  and  reasonably 

clear  state  of  atmosphere -visibility  of  10  miles 
or  more 

3.  A layer  of  dense  cloud  or  smoke  will  decrease 

4.  Surface  burst  radii  scaled  down  to  60  percent  of 

air  burst 


Although  the  phenomena  of  a blast  wind  is  associated  with  nuclear 
detonations,  the  "Effects  of  Nuclear  Weapons"  states  in  par.  7.60,  pg. 

343,  "the  general  conclusion  is  that  the  blast  wind  has  no  significant  effect 
in  extinguishing  fires". 
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Developing  Estimates  for  Local,  State  and  PCD  Regional  Use 


Application  of  the  techniques  and  procedures  contained  in  this 
document  should  enable  each  level  of  government  — local.  State,  OCD  Region  — 
to  develop  initial  estimates  for  various  typesof  information  required  for 
post  attack  purposes.  Use  of  maps  and  damage  templates  permit  the  development 
of  varied  qualitative,  quantitative  and  distribution  types  of  estimates  as 
well  as  graphic  presentations  of  the  areas  affected  by  blast,  thermal  and 
fallout.  The  distinctions  between  qualitative,  quantitative  and  distribution 
types  of  estimates  are  as  follows: 

ao  qualitative  estimates  furnish  information  as  to  type  or  kind 
rather  than  amount,  e.go  types  of  casualties:  killed,  injured, 
uninjured}  types  of  blast  damage:  severe,  moderate,  slight, 
b.  quantitative  estimates  furnish  information  as  to  amount  or 
size,  e.g,  $0  or  50  percent  of  100  installations  severely 
damaged. 

c.  distribution  estimates  furnish  information  as  to  apportionment. 
Geographical  distributions  emphasize  apportionments  by  location; 
qualitative  distributions  emphasize  apportionments  by  type  of 
damage,  e.g.  types  of  casualties  or  types  of  blast  damage. 

Other  additional  types  of  estimates  that  may  be  developed  are: 

a.  individual  estimates;  e.g.  blast  effect  on  each  facility 
within  a Resource  Category 

b.  total  or  aggregate  estimates;  e.g.  an  estimate  for  an  entire 
geographic  area  — city.  State,  OCD  Region  or  for  an  entire 
Resource  Category,  e.g.  Food,  Transportation,  Communications 
Total  or  aggregate  estimates  furnish  information  regarding 
size  or  magnitude. 
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Each  level  should  determine  its  requirements  and  develop  the  types  of  estimates 
suitable  to  its  needs  as  well  as  those  required  at  a higher  echelon. 

In  general,  local  levels  require  detailed  types  of  information;  State 
and  OCD  Regions  require  summary  types  of  information.  Local  levels  require 
for  post  attack  purposes  the  foUowingi 

a.  estimates  for  individual  facilities 

b.  estimates  for  the  entire  area  - totals  or  aggregates  for 
population  and  each  Resource  Category  for  an  understanding 
of  the  magnitude  of  the  problems  involved  and  for  submittal 
to  higher  echelons 

c.  a visual  depiction  of  the  distribution  of  casualties  and 
damage  with  their  geographic  area.  A knowledge  of  the  locations 
are  essential  for  planning  tactical  operations. 

States  require  for  post  attack  purposes  the  following: 

a.  estimates  for  each  State  installation 

b.  estimates  for  the  entire  State  - totals  or  aggregates  for 
population  and  each  Resource  Category  for  an  understanding 
of  the  magnitude  of  the  problems  involved  and  for  submittal 
to  OCD  Region 

c.  Estimates  for  each  county  or  city  - totals  or  aggregates 

for  population  and  each  Resource  Category  for  an  understanding 
of  the  post  attack  situation  within  each  county  and  city 

d.  a visual  depiction  of  the  geographic  distribution  of  blast, 
thermal  and  fallout  effects  for  » knowledge  of  the  locations 
of  areas  affected 
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OCD  Regions  reqiiire  for  post  attack  pxirposes  the  following: 

a.  estimates  for  the  entire  Region  - totals  and  aggregates  for 
population  and  each  Resource  Category  for  an  understanding 
of  the  magnitude  of  the  Regional  problems  and  for  submittal 
to  OCD  Headquarters 

bo  estimates  for  each  State  - totals  or  aggregates  for  population 
and  each  Resource  Category  for  an  understanding  of  the  post 
attack  sit\iation  within  each  State 
Co  a visual  depiction  of  the  geographic  distribution  of  blast, 
thermal  and  fallout  effects  for  a knowledge  of  the  locations 
of  areas  affected 

i2*stimates  for  "direct"  (blast,  area)  and  "indirect"  (fallout  area) 
effects  should  be  developed  by  each  echelon  — local.  State,  OCD  Region  — 
as  required.  The  aeadrfor  detailed  information,  such  as  required  by  local 
levels,  necessitates  developing  estimates  for  direct  effects.  The  need 
for  summary  types  of  information,  such  as  required  by  State  and  OCD  Regions, 
necessitates  developing  estimates  for  indirect  effects  and  obtaining 
direct  effects  information  from  lower  echelons.  Detailed  information  on 
field  installations  - State  or  Federal  - will  necessitate  developing 
estimates  from  direct  effects. 
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jsalgment  of  Eatjjiatlon  Rasponslbllltdea 


At  5tato  and  local  levele  the  estimation  process  can  be  accompl&hed 
most  effectively  and  efficiently  by  assigning  to  the  regular  departments 
of  government  responsibilities  for  developing  damage  assessment  estimates  for 
resources  relating  to  their  established  functional  roles  and  capabilitieso 
At  the  Federal  level,  the  emergency  preparedness  function  of  damage  assessment 
has  been  assigned,  through  executive  orders,  to  the  various  Federal  departments 
and  agencies  ( see  Appmeix  F )«  In  general,  the  types  of  activities  assigned 
include  the  following » 

a.  maintain  a capability  to  assess  the  effects  of  attack 

(1)  on  assigned  resource  areas,  products,  producing 
facilities  and  so  forth 

(2)  on  departmental  installations  both  at  national  and 
field  level* 

b.  provide  data  to  the  Department  of  Defense 

The  following  identifies  the  areas  of  damage  assessment  responsibilities 
assigned  each  department  and  agency  at  the  federal  level; 

a.  Department  of  Defense 

Develop  plans  and  operate  systems  to  undertake  a nationwide 
postattack  assessment  of  the  nature  and  extent  of  the  damage  and 
surviving  resources  resulting  ftrom  eneny  attack. 

Develop  plans  and  operate  systems  to  monitor  and  report  specific 
hazards  resulting  from  the  detonation  or  use  of  special  we;ponso 
Report  nuclear  detonation  information  - ground  zero,  yield,  type  of  bursty 
Delineate  areas  of  fallout  deposition 

Assess  population,  military  installations,  equipment,  supplies  and 
personnel 
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b.  General  Service  Administration 


(1)  National  goverruient  facilities  - headquarters  and  field 

(2)  Strategic  and  critical  materials 
c*  Department  of  Labor 

(1)  Departmental  installations  - national  and  field  levels 

(2)  State  Employment  Security  facilities 

(3)  Manpower 

d*  Department  of  Health,  Education  and  Welfare 

(1)  Departmental  installations  - national  and  field  levels 

(2)  Hospitals,  State  and  Local  Health  departments  and  clinics 

(3)  Health  manpower 

(it)  State  and  local  welfare  offices 

(5)  Primary  and  Secondary  schools  and  institutions  of  higher*' 

learning 

(6)  Water  systems  - large  and  small 
e.  Post  Office  Department 

Post  office  facilities  and  personnel 
fo  Federal  Communications  Commission 

fM,  FM  and  W Radio  broadcast  stations  and  CONELRAD  radio 
stations 

g*  Federal  Power  Commission 

Facilities  under  their  jurisdiction,  electric  generating 
stations  and  electric  transformer  substations 
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i53lgwent  of  Estimation  Responslbllltdea 


At  btato  and  local  levels  the  estimation  process  can  be  accompl^hed 
most  effectively  and  efficiently  by  assigning  to  the  reg\ilar  departments 
of  government  responsibilities  for  developing  damage  assessment  estimates  for 
resources  relating  to  their  established  functional  roles  and  capabilitieso 
At  the  Federal  level,  the  emergency  preparedness  function  of  damage  assessment 
has  been  assigned,  through  executive  orders,  to  the  various  Federal  departments 
and  agencies  ( see  Appmeix  F )«  In  general,  the  types  of  activities  assigned 
include  the  following » 

a.  maintain  a capability  to  assess  the  effects  of  attack 

(1)  on  assigned  resource  areas,  products,  producing 
facilities  and  so  forth 

(2)  on  departmental  installations  both  at  national  and 
field  levels 

b.  provide  data  to  the  Department  of  Defense 

The  following  identifies  the  areas  of  damage  assessment  responsibilities 
assigned  each  department  and  agency  at  the  federal  level; 

a.  Department  of  Defense 

Develop  plans  and  operate  systems  to  undertake  a nationwide 
postattack  assessment  of  the  nature  and  extent  of  the  damage  and 
surviving  resources  resulting  from  enery  attack. 

Develop  plans  and  operate  systems  to  monitor  and  report  specific 
hazards  resulting  from  the  detonation  or  use  of  special  we^ponso 
Report  nuclear  detonation  information  - ground  zero,  yield,  type  of  bursty 
Delineate  areas  of  fallout  deposition 

Assess  population,  military  installations,  equipnent,  supplies  and 
personnel 


6.28 


b.  General  Service  Administration 


(1)  National  governnent  facilities  - headquarters  and  field 

(2)  Strategic  and  critical  materials 
c.  Department  of  Labor 

(1)  Departmental  installations  - national  and  field  levels 

(2)  State  Employment  Security  facilities 

(3)  Manpower 

d*  Department  of  Health,  Education  and  Welfare 

(1)  Departmental  installations  - national  and  field  levels 

(2)  Hospitals,  State  and  Local  Health  departments  and  clinics 

(3)  Health  manpower 

{k)  State  and  local  welfare  offices 

(5)  Primary  and  iaecondary  schools  and  institutions  of  higher*^ 

learning 

(6)  Water  systems  - large  and  small 

e.  Post  Office  Department 

Post  office  facilities  and  personnel 

f . Federal  Communications  Commission 

fM,  FM  and  TV  Radio  broadcast  stations  and  CONELRAD  radio 
stations 

g.  Federal  Power  Commission 

Facilities  under  their  jurisdiction,  electric  generating 
stations  and  electric  transformer  substations 
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h.  Department  of  Interior 


(1)  Departmental  installations  - national  and  field  level 

(2)  Major  oil  fields,  oil  refineries,  crude  oil  and  petroleum 
products  pipelines 

(3)  Natural  gasoline  and  cycle  plants  and  natural  gas  pipelines 
(ii)  Coke,  and  coil  - bituminois,  lignite,  anthracite 

(5)  Minerals  and  metals  (primary  production) 
i.  Department  of  Commerce 

Mau*itime  Administration 

Port  facilities,  emergency  anchorage,  reserve  fleet, 
repair  and  shipbuilding  yards 
Bureau  of  Public  Roads 

Major  highway  bridges 
Bureau  of  Census 

Departmental  installations  - national  and  field  level 
Large  manufacturing  plants 

Manufacturing  plants  producing  survival  items: 

Health  supplies  and  equipment 
Body  protection  and  household  operation 
Light,  power  and  fuel 
Sanitation  and  V^ater  supply 
Snergency  housing  and  lodging 

Business  Defense  Service  /dministration 

Special  products  capacity  - industrial  evaluation  board 
(lEB) 
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j.  Atomic  ^ergy  Coinirdssion 

AEC  facilities  and  suppliers 

k.  Federal  Reserve  Ba^rd 

Federal  reserve  and  conunercial  banking  systems 
lo  Federal  Home  Loan  Bank  Board 

Savings  and  Loan  Associations 

m.o  Interstate  Ckpimnerce  Commission 

(1)  Inland  waterways 

(2)  Railroad  facilities,  bridges,  tunnels,  classification  yards, 

repair  shops,  rolling  stock 

(3)  Public  warehouses 
{k)  Motor  trucks 

n.  Federal  Aviation  Agency 

Civil  airports  and  air  navigation  aids 

o.  Department  of  Agriculture 

(1)  Grain  storage 

(2)  Land  acreage  by  use 

(3)  Farms  by  type  of  farming 
(U)  Livestock  on  Farms 

(5)  Cropf  products  harvested 

(6)  Ibbacco  allotment  acreage 

(7)  Food  processing  and  storage  capacity 

p.  Housing  and  Home  Finance  Agency 

Housing  resources 
qo  Veterans  Administration 

Facilities  under  their  jurisdiction 
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Chapter  7 


Papulatiom  Manpewer 


Scepe 


is^lemeata  ef  laTermatieM  essential  fer  developing  estimates 
•f  the  effects  ef  a miclear  detenation  on  the  pepulatie*  are: 

a.  resident  amd/er  dajr  pepulatien  figures  fer  the  geegraphic  ares 
fer  which  casualty  estimates  are  desired 

b.  distributien  ef  the  pepulation  depicted  graphically  on  a rasp 

c.  surviver  and  casualty  multipliers  for  use  in  developing 
casualty  estimates 

d.  attack  analysis  infermation  - time  ef  explesien,  lecatien  of 
ground  zefe,  yield  ef  weapon,  type  of  burst,  fallout  pattern 
informs tien 

e.  procedures  and  techniques  fer  performing  the  individual 
tasks  involved  for  developing  the  estimates. 

Included  in  this  chapter,  therefore,  will  be  found  instructional 
material^ which  personnel  may  apply^for  developing  estimates  of 
survivors  and  casualties  following  a nuclear  detonation. 
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Purpose 


Estimates  of  survivors  and  casualties  are  essential  for 
Immediate  postattack  operations,  survival  and  recovery  planning  purposes. 
Survivor  estimates  are  used  as  a basis  for  developing  preliminary 
estimates  of  requirements  for  food,  water,  housing,  fuel  and  other  types 
of  needs  essential  for  survival  of  the  population  remaining  after  a nuclear 
detonation.  Casualty  estimates  are  used  as  a basis  for  developing 
estimates  of  medical  needs  for  life-saving  purposes. 

Definitions 

Generic  words  are  susceptible  to  varied  interpretations 
and  may  result  in  misunderstanding  between  individuals.  Consequently, 
the  words  "population"  and  "manpower",  as  used  herein  for  civil  defense 
purposes,  are  defined  and  explained.  "Population"  refers  to  all  human 
beings  located  within  a specified  geographic  area.  All  persons  or 
individuals,  regardless  of  age,  race,  sex,  nationality  or  any  other 
population  characteristic,  are  included  under  the  general  heading  of 
"population".  Survivor  and  casualty  estimates  for  specific  characteris- 
tics of  the  population,  such  as:  sex,  age,  race  and  so  forth,  in  general, 

are  not  developed  for  civil  defense  purposes.  However,  for  manpower 
planning  purposes,  personnel  may  develop  estimates  for  selected  elements 
and  occupational  groups  of  the  population.  These  are:  existing 

sources  of  manpower  (labor  force),  potential  sources  of  manpower,  e.g. 
students  and  teachers  at  institutions  of  higher  education  and  specific 
types  of  skills  considered  essential  for  postattack  operations  purposes, 
i.e.  doctors,  dentists,  nurses  and  so  forth.  For  civil  defense 
purposes,  manpower  refers  to  that  portion  of  the  people  in 
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aijr  given  geegraphlc  area  available  and  able  tc  work. 

Infemation  Requirememte 
Pepulatien  Data 

^sential  fer  casualty  estimatien  purpeses  are  the  availability 
ef  tetal  and  distribution  population  figures  fer  the  geographic  area  under 
consider a tien.  For  estimation  purposes^  resident  instead  ef  night 
population  figures^  which  include  transients  in  hotels  and  other  miner 
population  eleBMnts,  should  be  used.  Night  population  flgvires  are  not 
available  and  must  be  specially  prepared;  resident  population  figures 
nay  be  obtained  in  printed  form  from  the  Bureau  of  Census.  Although 
the  distribution  of  the  night  population  may  differ  from  the  distribution 
of  the  resident  population,  in  general,  the  total  night  population  figures 
do  not  differ  maiicedly  from  the  total  resident  population  figures.  Die 
difference  between  the  resident  and  night  total  population  figures  for 
a city,  based  on  an  analysis  of  a nuinber  of  sanqple  cities,  is  approximately 
^ of  1 percent. 

Day  population  figures  are  not  collected  by  the  Bureau  of  Census 
andj  therefore,  are  not  available.  If  day  population  estimates  are  desired, 
they  must  be  specially  developed.  Ihe  day  population  of  the  city  proper,  the 
part  within  the  corporate  limits,  is  as  a rule  notably  larger  than  the  resident 
population,  -^he  median  difference  between  resident  and  day  populations 
ia  approximately  20  percent.  For  some  cities,  the  day  population  of 
the  centaal  area  of  greatest  population  density  may  be  10  times  as  great 
as  the  resident  populatien  ef  the  same  area,  reflecting  daily  migrations 
into  the  city  and  within  the  city.  The  day  populatien  ef  individual 
census  tracts  in  the  ceromercial  ceres  ef  some  cities  nay  be  more  than 
80  times  as  large  as  the  resident  population.  The  day  populations  of 
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most  suburban  tracts,:  general,  are  less  than  resident  populations  | 

and  the  same  is  true  for  outlying  tracU  within  city  limits.  Figure  7«1_  | 

indicates  generally  population  changes  from  night  to  day  as  related  j 

to  distance  from  the  center  of  the  city.  j 

GENERALIZED  DIAGRAM  ILLUSTRATING 
POPULATION  CHANGES  ROM  NIGHT  TO  DAY 
AS  RELATED  TO  DISTANCE  FROM  CENTER  OF  CITY 


CENTER  OF  CITY 


II  ■ Increose  or  decrease  in  population  from  night  to  day. 
Figure  ?•! 
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I Con jnujii ties  may  obtain  estimates  of  day  population^  considered  s&tisfactory 

i 

for  casualty  estimation  purposes^  from  their  local  street  departments  or 
from  private  sources.  A suggested  method,  which  may  be  used  in  preparing 
these  estimates,  is  furnished  at  the  end  of  this  chapter. 

In  preparing  day  population  estimates,  figures  should  be 
developed  for  the  city  proper  as  well  as  for  the  suburban  areas.  The 
effects  of  a bomb  do  net  stop  at  city  limits.  Estimates  for  the 
suburban  areas  need  not  be  as  accurate  as  for  the  city  proper  since 
the  population  densities  in  the  suburbs  are  relatively  lew. 

For  an  average  American  city  the  assumption  can  generally  be 
made  that  approximately  33  percent  of  the  residents  of  the  suburbs  come 
to  the  city  in  the  daytime  to  work,  to  shop,  to  attend  school,  or  for 
other  purposes.  This  percentage  varies  somewhat  according  to  how  much 
of  the  entire  residential  area  is  included  within  the  corporate  limits, 
and  according  to  the  amount  of  employment  and  the  number  of  stores  and 
schools  in  outlying  suburbs. 

If  the  limits  of  a city  pass  through  densely  built-up  areas,  the 
city  will  have  an  abnormally  large  proportion  of  its  resident  population 
living  outside  the  city  limits.  The  percentage  migration  to  the  city 
will  therefore  be  higher  than  33*  In  contraet,  another  city  which  includes 
an  abnormally  large  proportion  of  its  resident  population  within  the  city 
limits  and  which  has  well  developed  industries  and  shopping  and 
educational  facilities  in  outlying  suburbsmay  be  lower  than  33* 

Within  the  suburbs  of  any  one  city,  the  percentage  of  residents 
who  migrate  to  the  city  in  daytime  varies  from  place  to  place.  Ordinarily 
i percentages  are  relatively  high  for  inlying  areas  which  have  good 
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trameportatioH  facilities,  no  industries,  and  neager  shopping  facilities* 
They  are  lower  for  areas  where  the  opposite  conditions  prevail.  For 
inlying  suburbs  the  presence  of  industries  appears  to  have  little  or  no 
effect  on  the  percentage  of  the  residents  that  migrate  to  the  city.  Ihis 
is  because  families  in  industrial  suburbs  commonly  include  a larger 
percentage  of  wage  earners  than  do  families  in  purely  residential 
suburbs.  The  men  are  employed  in  heavy  industries  in  the  suburbs, 
whereas  many  of  the  woman  and  young  men  go  to  the  city  to  work  in  light 
industries. 

In  practice,  moderate  errors  in  estimating  the  percentage 
migration  from  small  suburban  areas  will  have  no  significant  effect 
upon  the  accuracy  of  the  resulting  casualty  estimates.  This  is  due 
in  part, to  the  relatively  low  population  density  of  the  suburbs  as 
compared  to  the  city  proper,  and  in  part  t.o  the  fact  that  the  bomb 
affects  a large  area  and  thereby  tends  to  equalize  plus  and  minus  errors 
in  estimating  population  for  small  suburban  areas.  Serious  errors  appear 
only  when  incorrect  percentages  are  applied  to  relatively  large  areas. 

The  specific  procedure  to  be  used  in  estimating  suburban  daytime 
population  by  census  tracts  is  as  follows: 

a.  Determine  the  daytime  population  increase  for  a city  proper  by 
subtracting  the  figure  for  the  total  resident  population  within  the  city 
limits  from  the  figure  for  the  total  day  population  for  the  same  area. 
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b*  On  a map  of  census  tracts  for  both  the  city  and  Its  suburbs,  draw 
a tentative  boundary  that  encloses  those  suburban  areas  which  are  known  to 
contribute  substantial  numbers  of  people  to  the  city  (designated  here  as 
suburban  A)«  This  boundary  should  follow  the  census  tract  outlines  and 
may  conform  in  many  instances  to  the  corporate  limits  of  towns* 

c.  Add  up  the  resident  population  figures  for  the  town  and  individual 
tracts  coursing  suburban  A* 

d.  Detersiine  the  percentage  reduction  within  suburban  A ncessary 
to  provide  the  daytime  population  increase  in  the  city  proper.  Exan5>le: 
Resident  population  of  suburban  A is  600,000.  Daytime  population 
increase  for  the  city  proper  is  20];,000.  Average  percentage  assumed 

to  be  contributed  by  tracts  of  suburban  A is 

e.  If  the  percentage  is  more  than  2 Or  3 percent  above  or  below 
33>  determine  whether  this  deviation  may  be  due  to  inlying  or  outlying 
corporate  limits  or  to  employment  and  shopping  facilities  in  outlying 
suburbs  with  resulting  greater  or  less  than  average  percentile  migration. 

f.  If  the  deviation  cannot  be  explained  on  the  basis  of  these 
factors,  alter  the  boundary  of  suburban  A by  tentatively  adding  or 
deleting  areas  until  the  percentage  is  approximately  33* 

g.  When  this  percentage  has  been  determined,  reduce  the  resident 
population  figure  for  each  census  tract  in  suburban  A by  that  percentage. 
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Maap^wer  ^>ta 

"ClTiHaa  labor  force”  figures  »ay  be  ebtaioed  in  printed  form 
from  the  Bureau  of  bemouo.  'Aie  figures  include  all  persons  classified 
by  the  Bureau  of  Census  as  employed  ( all  civilians lii  years  old  and  over  who 
wero  either  ”at  work"  or  were  "with  a job  but  not  at  woric")or  unemployed. 
(persons  14  years  old  and  ever  looking  for  work  and  persons  waiting  to  be 
called  back  to  a job  from  which  they  had  been  laid  off  or  furloughed) o 
Persons  14  years  old  and  over  not  classified  as  members  of  the  labor 
force  by  the  Bureau  of  Census  are  considered  "not  in  the  labor  force"* 

Bureau  of  Census  "civilian  labor  force"  data  represent  resident  and 
not  daytime  figures.  Other  so\irces  for  obtaining  civilian  labor  force 
figures  are:  (a)  U.S.  Department  of  Labor  (b)  local  departments  of  labor 
and  (c)  private  sources. 

Potential  sources  of  manpower,  such  as:  students  and  faculty- 
located  at  institutions  of  higher  education  — colleges  and  universities  — 
may  be  obtained  from  local  (a)  Boards  of  Mucation  (b)  Office  of  Civil 
Defense,  Department  of  Defense  (c)  Health,  £d\ication  and  Welfare 
directories:  Ihe  Education  Directory  and  Higher  Education  Directory. 

Types  of  information  to  coB^>ile  are: 

a.  Name,  address  and  geographic  location  of  facilities 

b.  Number  of  all  students 

Co  Number  of  medical  students 

d.  Number  of  dental  students 

e.  Number  of  engineering  students 

ft  Number  of  graduate  students 

g.  Number  of  faculty 
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Types  of  health  manpower  considered  essential  for  postattack 
operations  purposes  are: 

a.  medical  doctors 

b.  doctors  of  osteopathy 

c.  dentists 

d.  veterinarians 

e.  nurses 

f.  pharmacists 

g.  sanitary  engineers 
h*  sanitarians 

Sources  of  data  for  health  manpower  may  be  obtained  from: 

a.  American  14edical  Association 

b.  American  Osteopath  Association 

c.  American  Dental  Association 

d.  American  Veterinary  Medicine  Association 

e.  American  Niirses  Association 

f.  American  Pharmaceutical  Association  and/or  National 
Association  of  Boards  of  Pharmacy 

g.  National  associations  of  sanitarians 

i.  Health,  fiducation  and  Welfare,  Public  Health  Methods  of 
Public  Health  bervice 
jo  Local  health  organisationso 

k.  Office  of  Civil  Defense,  Department  of  Defense 
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Difitributi»n  of  P»pulati«H  ia  Graphic  F»rm 

Tw»  graphic  techniques,  each  «f  which  is  desirable  under  certain 
cenditiens,  hare  been  developed  fer  depicting  the  distributien  ef 
pepulatien.  One  technique  e»pL*ye  a single  unequal  ralue  detj  the 
alternate  technique  empleys  multiple  equal  ralue  dets* 

Peint  Lecaticn  Methed 

'Ihe  single  unequal  value  det  er  peint  lecatien  methed  is  based  en 
the  assuraptien  that  the  entire  pepulatien^encempassed  within  a geegraphic 
area,  such  as  a census  tract  er  Census  County  Divisien^  is  cencentrated  at 
the  central  peint  ef  the  area.  This  methed  is  especially  well  adapted 
fer  depicting  the  distributien  ef  the  pepulatien  en  small  scale  schematics 
shewing  either  numereus  census  tracts  er  Census  Ceunty  Divisiens.  For 
cities,  the  precedure  is  as  fellews; 

a.  Obtain  a schematic  depicting  the  beundaries  ef  census  tracts* 

b.  Visually  inspect  each  tract  en  the  schematic  to  determine  its 
center  and^at  the  lecatien  selected^ aurk  a det  en  the  schematic* 

Figure  7. illustrates  the  applicatien  ef  the  precedure  fer  a hypethetical 
city.  This  type  ef  visual  may  be  used  in  cenj\xnctien  with  a listing 
ef  the  tracts  shewing  the  pepulatien  data  fer  estimatien  purpeses* 

Table  7»1  illustrates  the  type  ef  form  local  civil  di»fense  erganizatiens 
can  design  and  use. 

Figure  7.1  depicts  the  boundaries  ef  each  tract  and  identifies  each  by 
tract  nvuaber  only.  It  does  net  fvirnish  the  pepvilatien  data.  Therefore, 
to  eliminate  reference  to  a table  of  population  figures,  the  value  ef 
each  det  can  be  indicated  directly  onto  a schematic.  If  this  is  dene^ 
the  tract  number  need  net  appear  on  the  visual.  Figure  7.3  illustrates 
this  precedure. 
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Illustratien 

of 

Distribution  of  Population  - I960 
for  a Hypothetical  City 


Point  Location  Method 
, (Unequal  Value  Dot) 

iHoo 


74oo 
— ,‘Wixs- 


I - t ( 1-.,-.- \ J 

i3i'o  'I  US  v'/oo  n<ns  nsoo 

figure  ( ,x 


Note;  The  boundary  depicts  the  UTM  tick  marks  . The  hypothetical  city 
is  located  in  Zone  16, 
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Table  7.1 


Hypetketical  City 
i960  Residemt  Pepulatien  by  Tracts 


Tract 

PopulatiaiiCasuaity 

Zone 

Tract 

Papulatiak 

Casualty  Zone! 

Number 

I 

M 

0 

Number 

I i M 

. ° i 

1-1 

2158 

10-5  . 

I 

1-2  ... 

10-6  . 

1-3  ... 

10-7  . 

■ 

1-U  ... 

10-8  . 

...4 

2-1  ... 

10-9  . 

2-2  ... 

10-10 

2-3  ... 

11-1  . 

!!  Qon! 

j 

3-i  ... 

^ 11-2  . 

? 

1 3-2  ... 

11-3  . 

! ' ' 

3-3  ... 

11-ii  . 

U-1  ... 

11-5  . 

U-2  ... 

11-6  . 

. 

U-3  ... 

12-1  . 

r-  — 

5-1  ... 

12-2  . 

5-2  ... 

12-3  . 

i 

6-1  ... 

12-li  * 

^ , 

6-2  ... 

12-5  . 

! ? 

6-3  ... 

12 -6a. 

6818, 

: i 

6-Ua  .. 

12-6b. 

“1 

6-Ub  . . 

6981 

12-7  . 

6-Uc  .. 

MC-62 

7-1  ... 

MC-67 

7-2a  .. 

MC-69 

i 1 

7-2b  .. 
7-3 

* 

Tatal  .?Z§t8l6 

p 1 

r 

■ -4 

8-la... 



5173 

j 

8-lb. . . 

1 ^ 
! 

5 ; i 

8-2  ... 

! 

1 

\ 

1 1 s 

8-3a... 

i 

\ 

1 ; i 

8-3b... 

1 

1 ^ i 

8-3c... 

\ 

■> 

= : I 

8-ii  ... 

' 

i ^ ; 

8-5  ... 

U2U5 

1 '1 

• j ; 

>;  ( 1 

8-6  ... 

i ; 

! f 1 

9-1  ... 

I ' 

1 ' i 

! 9-2  ... 

! i i 

9-3  ... 

! 10-la  .. 

3796 

i 1"  ^ 

; = 

i 10-lb  0 . 

3i31 

\ 

; ! ■ 

' 10-2  . . . 

r ; 

’ 10-3  . . . 

J4I89 

1 i 

,10-U  ... 

J 

[__j 

i 

i , 

Legend:  I - iruier  ; M-Middle;  O-Outer 


Inetructien  far  iuBtimatian  Use:  Insert  in  appropriate  slat  the  papulation 

figure  far  tract  invalved. 
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Illustration 

of 

Distribution  of  Population  (hundreds)  - I960 
for  a ilypothotical  City 

Point  Location  Method 


1J3 


Census  tracts  are  irregular  configurations  of  varying  areal  size. 

The  use  of  census  tracts  is  recommended  for  manually  depicting  the  locations 
of  the  population  because  new  types  of  areal  configurations  need  not  be 
devised.  It  should  be  recognized,  however,  the  locations  of  the  population 
can  be  depicted  by  use  of  are**s  other  than  census  tracts.  Circles,  rectangles, 
and  squares, for  example,  may  be  designed  for  depicting  the  locations  of  the 
population  provided  the  population  data  for  the  areas  designed  are  available. 
OCD  has  developed  procedures  whereby  an  electronic  computer  can  print  on  an 
8^  by  11  inch  sheet  of  paper,  depicting  a grid  consisting  of  2.5  by  2.5 
kilometer  squares  — standard  shaped  areas  and  sizes  — the  number  of 
individuals  located  within  each  square.  The  following  furnishes  a general 
explanation  of  the  procedure; 

a.  For  each  populated  area  of  50,000  or  more,  the  computer  aggregates 
all  the  "points,"  as  selected  and  identified  for  the  National 
Location  Code,  located  within  each  2.5  and  2.5  kilometer  square 
encompassing  the  area  involved. 

b.  The  computer  adds  the  values  associated  with  each  "point"  located 
within  a 2.5  by  2.5  kilometer  square  and,  within  each  square,  prints 
the  sum  of  the  values  of  the  points  located  therein. 

The  development  of  a lattice  preplot  of  population  is  visually  depicted 
in  figures  7.4  and  7.5.  Figure  7.3  depicts  a grid  superimposed  on  the 
hypothetical  city  used  for  illustration  purposes.  Each  square  is  2.5  by 
2.5  kilometers.  Within  each  square  are  depicted  the  "point  locations" 

(derived  from  the  census  tract  shematlc)  and  their  associated  population 
values.  Figure  7.5  depicts  for  each  2.5  by  2.5  kilometer  square  the  total 
population,  or  the  sum  of  the  values  associated  with  each  point,  located  in 
a square  as  depicted  in  figure  7.4. 
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Illustratien 
©f  a Development  of  a 

Lattice  Freplot  of  Resident  PopulatioM  - I96O  (in  hundreds) 
for  a Hypothetical  City 

Graphic  Distribution  of  Centers  of  Tracts  Located  'Within  Each 
2.5  by  2.5  Kilometer  Square 
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Note:  The  boundary  depicts  the  UTM  tick  marks.  The  hypothetical  city  is  located 

in  zone  16. 

Fig\u:e  7,4 
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Illustration 
of  a 

Lattice  Preplot  of  Resident  Population-ly60  (hundreds) 
for  a Hypothetical  City 
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Notej  Points  depicted  for  illustration  purposes  only.  Computer  printouts 
vill  depict  population  data  only,  The  hj^thetical  city  is  located  in  zone  l6. 
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£qual-Valtte-D»t  Heth»4 

An  alternate  methed  ef  depicting  the  distributien  ef  pepvilatieB  is 
tke  platting  ef  pepulatien  en  a census  tract  schematic  er  map  by  means 
• f equal  value  dets.  ike  precedure  far  use  in  canjiinctian  with  a census 
tract  schematic  is  as  fallaws: 

hi thin  the  census  tracts  far  the  area  desired,  place  dats,  each  af 
which  represents  the  same  number  af  peaple  (500,  1,000  ar  mare),  ta  indicate 
the  distributian  af  either  daytime  ar  resident  papulation.  If  passible, 
place  dats  equally  spaced  apart.  Census  tract  schematics  da  net  shaw 
unpapulated  areas  such  as  parks.  Cansequently^  it  is  difficult  ta  take 
such  areas  inta  cansideratian  when  platting  the  dats.  The  mast  suitable 
value  and  size  far  the  dat  may  be  determined  by  platting  the  data  tentatively 
an  a scrap  af  tracing  paper  aver  the  area  af  densest  papulation.  If  the  dats 
merge  sa  that  they  cannat  be  caunted,  a smaller  paint  ar  the  value  af  each 
dat  shauld  be  increased.  (An  illustratian  af  the  application  of  the  equal— 
value-dot  method  is  presented  in  figure  7«^*) 

The  procedure  far  use  in  conjunction  with  a large  scale  map  (scale  1:214,000) 
is  as  fallaws: 

a.  First  - Delineate  the  boundaries  af  the  census  tracts  an  the  map. 

b.  ^second  - Outline  unpapxilated  areas  such  as  parks,  rail  yards, 

water  bodies  and  so  on. 

c.  Ihird  - Determine  the  most  suitable  value  and  size  for  the  dot 

to  be  used  for  platting  purposes. 

d.  Fourth  - Place  dats  as  accurately  as  practicable  in  the  remaining 

areas  according  ta  the  known  distributian  of  the  papulation. 
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Illustration 

•f 

Distribution  of  Resident  Population  - I960 
Lqual-Value-Dot  I'bthod 


Each  dot  represents  1,000  people 


Notei  Ihe  boundary  dapicts  the  UTM  tick  marks.  The  hypotheUcal  city  is  located 


Fijure  7,5 


ihe  pr»ce4ure  f»r  use  in  c#njuncti*n  with  a 1:250,000  scale  urbanized 
ar«a  beundar/  eutline  map  is  as  fellewss 

Obtain  tetal  pepulatien  figure  f*r  the  urbanized  area  under 
censideratien.  U»3»  Department  ef  Cemmerce,  Bureau  ef  Census 
release  PC(Sl)-5  "Pepulatiun  er  Urbanized  Areas:  I96O  and  1950" 
dated  June  li:,  1962^  furnishes  resident  pepulatien  figures* 
b*  Determine  the  mest  suitable  value  and  size  fer  the  det  te  be  uddd 
fer  plotting  purpeses. 
c.  Piet  dets  equally  spaced  apart. 

An  illustratien  ef  the  applicatien  ef  the  equal-value-det  methed  used  in 
cenjunctien  with  a 1:250,000  scale  map  is  presented  in  figure  7«^*- 

The  equal-value-det  methed,  used  in  cenjunctien  with  a census  tract 
schematic,  furnishes  a visual  depicting  the  pepulatien  distributed  within 
a tract;  the  technique,  used  in  cenjunctien  with  a 1:250,000  scale  map, 
furnishes  a visual  depicting  the  pepulatien  distributed  equally  threugheut 
the  urbanized  area.  The  scale  ef  the  map  being  used  influences  the  ameimt 
ef  detail  that  can  be  depicted.  Use  ef  small  scale  maps  prevent  depictien 
ef  detail  such  as  shewing  the  pepulatien  distributed  within  a tract; 
hewever,  their  use  facilitate  ebtaining  rapidly  estimates  ef  the  magnitude 
ef  survivers  remaining  and  casualties  sustained. 
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Illustrati#n 

• f 

Distribution  of  Resident  Population-1960 
£qu al -Value -Do t Method 


Note:  The  boundary  depicts  the  UTM  tick  marks.  ‘Ibe  hypothetical  city 
is  located  in  zone  16, 


Figure  7.1 
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Visual  inspection  of  figures  7.2,  7.3,  7.5,  7.6  and  7.7  reveals 
various  methods  may  be  employed  by  a local  civil  defense  organization  for 
depicting  the  distribution  of  population.  The  point  location  technique 
does  not  depict  the  concentrations  of  the  population  within  a city.  The 
equal-value-dot  method  furnishes  at  a glance  where  the  people  are  in  a city, 
especially  when  a 1:24,000  scale  map  is  sued  and,  therefore,  is  useful 
for  revealing  the  probable  distribution  of  casualties  within  a city  as 
well  as  for  "fine-grain"  analytical  studies  relating  the  shelter  needs. 

Both  the  point  location  and  equal -value-dot  techniques,  however,  are 
suitable  for  estimating  the  survivors  remaining  and/or  casualties  frcwn 
direct  effects  only.  Each  civil  defense  organization  should  analyze 
the  procedures  and  select  the  method  most  suitable  for  its  needs.  The 
procedures  presented  are  simple  and  comparatively  easy  to  apply  especially 
by  volunteers  and  other  relatively  inexperienced  people  under  minimum 
supervision. 

The  point  location  and/or  equal -value-dot  techniques  can  also  be 
used  for  depicting  the  following: 

a.  Manpower  - labor  force 

b.  Potential  sources  of  manpower: 

(1)  students 

(2)  medical  students 

(3)  dental  students 

(4)  engineering  students 

(5)  graduate  students 

(6)  faculty 
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c.  Health  raanpewer 

(1)  medical  decters 

(2)  decters  ef  esteepathy 

(3)  dentists 

(it)  veterinarians 

(5)  nurses 

(6)  pharmacists 

(7)  sanitary  engineers 

(6)  sanitarians 

The  distributian  #f  the  papulatian  far  a State  far  use  in  estimating 
papulatian  "at  risk"  fi*am  fallaut  and  affected  by  fallaut  may  be  depicted 
by  use  af  the  "paint  lacatian"  ar  equal-value-dat  techniques  ar  variatians 
af  these  techniques.  A very  simp3U*ied  pracedure  af  the  paint  lacatian 
technique  is  §a  fallawsi 

a.  Obtain  a schematic  depicting  the  baundaries  af  the  caunties. 

; . (U.  S.  Department  af  Cammerce,  Bureau  af  Census  publicatian 

PC(1)  series  "Papula tian-1960.  General  Sacial  and  Ecanamic 
Characteristics  " cantains  a inch  State  map  depicting 

the  baundaries  af  caunties.) 

b.  Select  far  each  caunty  the  lacatian  af  the  city  with  the  largest 
number  af  peaple  ta  serve  as  the  "paint  lacatian". 

c.  Assign  ta  each  paint  selected  the  tatal  papulatian  af  the  caunty 
invalvod  under  the  assumptian  all  the  peaple  in  the  caunty  are 
lacated  at  the  paint  selected.  Figure  7.^  illustrates  the 
applicatian  af  the  pracedure.  The  illustratian  depict*  the  UTM 
infarmatian  in  the  farm  af  harder  tick  marks  and  the  papulatian 
lacated  within  each  caunty.  The  name  af  each  caunty,  althaugh 
nat  shawn^jmay  be  depicted  if  de^ire^ 


Illustrati*n 

•f 

Distributi#n  *f  Resident  P*pulati*n-1960  ( thousands) 
f*r  a Hype the tic al  State 


A ratre  sophisticated  procedure  involving  extensive  math«natical 


computations  is  as  follovs} 

a.  Ob-tain  a schematic  depicting  the  boundaries  of  the  counties* 

b.  .select  two  or  more  "point  locations"  for  each  county*  In  general, 

. the  or  5 largest  cities  can  be  selected  to  represent  the 

"point  locations"* 

c*  Assign  to  each  "point  location"  selected  the  population  value  to 
be  associated  with  the  point*  A method  of  assigning  the  population 
values  to  the  points  selected  within  a county  is  as  follows: 

(1)  Add  the  total  populations  of  the  cities  selected* 

(2)  For  the  cities  selected,  determine  the  distribution 
of  the  population  in  terms  of  percents* 

(3)  Apportion  the  total  population  of  the  county  to  each 
city  selected  in  accordance  with  the  percents  developed* 


Example: 

City 

City 

Population 

(thousands) 

Percent 

Proportion 
of  county 
population 
assigned 
(thousands) 

A 

27 

27 

51: 

fi 

23 

23 

li6 

C 

Total 

50 

IJTT 

T§5 

99 

An  illustration  of  the  above  procedure  has  not  been  developed  and, 
therefore,  is  not  included  in  this  document* 
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When  empleying  the  equal-value-d#t  technique  the  precedure  is  as 
fellews: 

a.  Obtain  a schematic  depicting  the  beundaries  #f  counties© 
bo  Obtain  the  population  figure  for  each  county. 

c.  Determine  the  most  suitable  value  and  size  for  the  dot  to  be 
used  for  plotting  purposes.  For  some  small  sized 

counties  containing  large  numbers  of  people  space  limitations 
may  necessitate  the  use  of  a symbol  other  than  a dot,  such  as 
an  "x"'  having  a largeTvalue. 

d.  Plot  the  dots  and  other  symbols  equally  spaced  apart. 

Figure  7 *8  illustrates  the  application  of  the  above  procedure, 

State  civil  defense  organizations  should  analyze  each  of  the  procedures 
described  above  and  select  the  procedure  most  suitable  for  its  needs. 
Where  alternate  improved  methods  are  developed,  they  should  be  employed. 

State  civil  defense  organizations  may  depict  manpower  data  in  the 
same  manner  as  illustrated  in  figures  7,%  and  7.^?, 
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Illustrati*n 

• f 

Distributi.n  «f  Resident  P«pulati«n-1960  (theusands) 
f*r  a Hypothetical  State 


Zone  16 


Zone  17 

^000. 


J~QO0 
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WeaptaB  Data 

fiBsential  far  estimatian  purpases  are  basic  weapans  effects 
! data  far  the  blast  area  anly  and  far  the  fallaut  area  anly*  Far  the 
ji  blast  area  anly  it  is  necessary  ta  knaw  the  radii  af  the  casually  zanes 
: far  bath  air  and  surface  bursts  and  the  survivar  and  casualty  multipliers 
' ta  use  far  the  apprapriate  casualty  zanes.  Far  the  fallaut  area  anly^  it 
! is  necessary  tv  knaw  the  extent  af  the  fallaut  cantaurs  and  the  survivar 
i and  casualty  multipliers  ta  apply  far  the  papulatian  lacated  within  each 
I af  the  fallaut  cantaurs. 

Blast  Area  Only  (Direct  Effects) 

Casualty  Zane  Radii  Data 

The  fallawing  table  furnishes  the  radii (in  miles)  far  the  casualty 
j zanes  far  weapan  yields  l-3-5“10“20  megatans,  far  air  and  surface  bursts,  far 
i use  in  canjunctian  with  percentage  multipliers  in  develaping  estimates  af 
I survivars  and  casualties  with  the  blast  area  anly. 
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Casualty  Z»me  Radii  fmr  Air  and  Surface  Burit* 
(Direct  Effects  Osly) 

Casualty  Ha^l 


(Megatons) 


lamer 

Middle 

Outer 


A iT  Burit 

I>:.±L 

o.  o _ 


-0.0---L.7, 

<■?- y./ 


3 MT 


Inmer 

Middle 

Outer 


0.0-2, I 


0.0  ~X,  ■ 


^>3'  L, 


6^  - jJii-. 


5 :-.T 


(Derivation  ; 1.1. 

Inmer 
Middle 
Outer 


0.0'?  ? 


0.0- 


10  MT 


(Deri  ..tion  ; 1.71  ti„.r5  ligK vrs  for  a I AIT 


Immer 

Mlddls 

Outer 


y-7-  />/  7 


O.V  - 

32Z2ZZ: 


20  MT 


(Derivation;  2. If  ilhiSS  figures  /or  a 1 


Immer 

Middle 

Outer 




f!;.0  -'3o»9 


p,o- 

-■/ijl-  i V>  .g 


(Derivation:  2.71  tirr.es  fig 


-) 
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If  casualty  zane  radii  are  desired  for  weapon  yields  not  listed 
in  table  above,  the  information  may  be  developed  by  use  of  the  cube 
root  figiires  shown  in  column  b,  page  D-23,  "Appendix  D - Nuclear  Weapons 
Information"*  Example:  if  radii  are  desired  for  a 2-MT,  multiply 

the  radii  shown  in  table  above  for  a 1-MT  by  1.26  (cube  root  of  2). 


Casualty  Templates 

The  casualty  zone  radii  are  used  as  a basis  for  developing 
casualty  templates.  The  following  illustrations  depict  the  application 
of  the  casualty  zone  radii  for  an  air  and  surface  burst  for  a single 
detonation. 

Illustration 

of 

Casualty  Template 
for 

1-MT  Air  Burst 


^ale:  1:2^0,000 
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Illu8trati«ii 

•f 

Casualty  Teaplate 
far 

1-MT  Surface  Burst 


The  fellewiag  furnlshesthe  preceiure  te  use  fer  constructiHg 
a casualty  tenplate  fer  a surface  burst: 

a.  Distance  fren  0 te  1 en  the  euter  circle  - sane  as  the 
distance  fren  GZ  te  the  perineter  ef  the  middle  zone  (in  the 
illustratien  - k»h  nilea) 

b.  Distance  fren  0 te  2 en  the  euter  circle  - same  as  the  distance 
fren  GZ  te  the  perineter  ef  the  euter  zone  (in  the  illustratien  - 
8.6  miles) 

Fer  purposes  ef  estinating  the  residual  radiation  effect  on  people 
located  within  the  blast  area,  the  radii  ef  the  middle  and  outer  casualty 
zones  have  been  arbitrarily  selected  fer  constructing  the  contour  lines* 
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Ihe  4#tted  lines  are  t*  illustrate  the  extent  ef  the  inner  and  middle 


zenes  enlj;  they  nheuld  net  be  delineated  when  censtructing  a casualty 
template  far  a surface  burst* 


Hie  fellewing  depicts  hew  a casually  template  invelving  multiple 
detenatiens  may  be  censtructed: 

lUustratien 

ef 

Develeptnent  ef  Casualty  Ttemplate 
fer 

Twe  We  ape  ns  - egch  1-MT  Air  Bursts 


Eliminating  the  cressed  pertiens  an  the  abeve  illustratien  furnishes 
the  casualty  twnplate  as  depicted  in  the  fellewing  illustratien. 
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Illu8trati#n 

•f 

Casualty  Ten?)lat© 
f*r 

Tw«  Weapons-  each  1-MT  Air  Burat 


Outer  Zene 


Middle  Zeae 


The  felleuing  depicts  hew  a casualty  template  far  multiple 
detenatiens  invelving  surfi^ce  bursts  may  be  censtructedo 
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Illustration 

•f 

Development  ef 
Casualty  I'enplata 
fer 

'IWe  Weapons  - each  1-MT 
Surface  Burst 


^ ^ Scale-li250,000 


Klirainating  the  crossed  and  hatched  portions  in  the  above  Illustration 


furnishes  the  casualty  template  as  depicted  in  the  following  lUustrationt 
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IlluatrativB 

•t 

Caaualtgr  Xenplata 
far 

TWa  Uaapaaa  - eack  IMT 
Surface  Burat 


Outar 

Zaaa 

/ 


Ukea  caaatructlag  caaualtjr  te^platea  far  multiple  detoaatioaSj  eitplaj 
the  baundarles  af  the  donlmaat  caaualty  2anea  far  all  arerlapplaf  areaa* 
Ike  abare  llluatrated  teBQ)latea  are  alsa  applicable  far  eatimatliig 
tke  effects  af  a auclear  detaaatiaa  an  Maapaver  as  well  as  persanmel 
lacated  vitkia  spacifled  facilities  such  as  kaapitala,  ackaala  and 
sa  fartk. 


Scala-li250,000 
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Sunrlvr  and  Casualty  Percentage  Miiltlpliers  - Direct  Effects 


Viitkout  War»ing 

Witkeut  warnimg  refers  to  tke  situation  where  a civil  defemae 
•rganizatioa  dees  net  have  sufficient  time  te  instruct  the  populatien  te 
take  evasive  actien^  such  as:  proceed  te  a falleut  shelter  er  seek  best 
pretectien  available,  i^ficient  time,  as  used  herein,  implies  less 
than  15  minutes  ef  warning.  £stimates  ef  survivors  and  casualties 
within  the  blast  (direct  effects)  area  frem  the  detenation  ef  a nuclear 
weapen  may  be  developed  by  use  ef  the  fe Hewing  percentages: 


5urvivers 


Casualty 

zone 

Air  burst 

Surface  burst 

Thtal- 

NoL  nuri 

Hurt 

IWtaX 

Net  hurt 

Hurt 

Inner 

13 

5 

8 

0 

0 

0 

Middle 

69 

36 

33 

69 

36 

33 

Outer 

98 

81 

17 

98 

81 

17 

Casualties 


Casualty 

zone 

Ihtal 

Deaths 

Hurt 

Thtal 

Deaths 

Hurt 

Inner 

95 

87 

8 

100 

100 

0 

Middle 

6k 

31 

33 

6U 

31 

33 

Outer 

19 

2 

17 

19 

2 

17 

With  Warning 


With  warning  refers  te  the  situatien  where  a civil  defense 
erganizatien  warns  and  instructs  the  pepulatien  to  take  evasive  action. 
Instructions  might  be  to  proceed  to  the  nearest  falleut  shelter,  seek 
best  pretectien  available  er  ether  type  of  action.  In  terms  ef  time, 
it  ii^plies  mere  than  1$  roinutesef  warning.  Estimates  of  survivors  and 
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casualties  witkln  the  blast  area  nay  be  devela ped  by  use  af  the 
fallawlag  percentages: 


Survivars 


Casualty 

Air  burst 

Surface  burs 

t 

zone 

Total 

Not  hurt 

Hurt 

Tstal 

Not  hurt 

Hurt 

Inner 

30 

15 

15 

0 

0 

0 

Middle 

90 

65 

25 

90 

65 

25 

Cuter 

99 

98 

1 

99 

^8 

1 

Casualti 

. e s 

1 Casualty 

Tstal 

Deaths 

Hurt 

Tstal 

Deaths 

Hurt 

! zone 

Inner 

85 

70 

15 

100 

100 

0 

Mddle 

35 

10 

25 

35 

10 

25 

Outer 

2 

1 

1 

2 

1 

1 

1>ie  abave  average  percentages  are  far  use  with  all  weapan  sizes; 


hawever,  the  linits  af  each  of  the  three  casualty  zanes  will  vary  with 
the  size  of  the  weapon. 

Application  af  the  survivar  average  percentages  will  enable 
civil  defense  personnel  to  develop  survivar  estimates  far  use  as  a 
basis  far  developing  preliminary  estimates  af  requirements  far  food, 
water,  housing  and  other  types  of  resources;  casualty^estimates  nay 
be  used  as  a basis  far  developing  preliminary  estimates  far  medical 
requirement So 

The  fallowing  definitions  are  furnished  for  clarification: 
Ueaths:  I’d  tali  ties  resulting  from  injuries  sustained  from  the  detonation 

af  a nuclear  weapon j Individuals  who  die  immediately  after  the 
detonation  as  well  as  those  who  die  within  60  days* 
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Hurt  t Individuals  austaining  am  injury  nat  resulting  in  death. 
Casualties t Fatalities  and  injured  pepulatien. 
aurviversi  The  injured  and  uninjured  populntien. 

Timc**phasing  ef  deaths,  if  reqxxired  far  camputing  nedical 
requirements,  nay  be  develaped  by  use  af  the  fallawing  percentage 
nuitlpllerit; : 

Tine  Percent  af  Tatal  Percent  af  Tatal 

Deaths  Deaths  Fatally  Injvired 


Day  1 

67  (1/3  die  iimaediately 

after  datanatlanf 

1/3  die  by  end  af 
2ii  ho\irs) 

33 

Day  7 

83 

17 

Day  lii 

91 

9 

Day  60 

100 

0 

£stinate8  af  the  typesaf  injuries  anang  the  casualties  wha 
survive  a nuclear  datenatian,  l.a.  excluding  these  wha  die  inmediately 

Ox 

after/ydatanatian,  nay  be  develaped  ly  use  af  the  fallawing  percentages: 

Distribmtian  af  X!n>as  af  Injury  Anann  ^aurvlvars 

Injury  Percent  af  ^^atrvivars 

Blast  (nechanloal)  70 

Burns  (flash  and  flane) 6$ 

Nuclear  radiatian  (initial) •••••••••  30  (air  burst  anly) 

(Far  a surface  burst  the  figure  will  exceed  30  percent) 
blnce  nany  af  the  individuals  will  suffer  multiple  injuries,  it  shauld 

be  abserved  the  tatals  add  up  ta  mare  than  100  percent* 
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5urvlT»r  and  Camialty  Ibr—  - Dlr»ot  ilffecta  Only 

T*  facilitate  tha  c«mp»tatian  ef  caaualtiaa  aiU  B«rviTar»,  twa 
baaic  farma  hava  baan  ilaaignad*  Tha  Caaaalty  Eatlnatian  Fana,  far 
aatimating  the  caamaltiaa  which  will  accwr  within  the  blaat  area 
anly,  will  furniah  the  fa  Hawing  infarraatlent 

a.  lha  magnitm4e  aa  well  aa  the  dlatrlbatlan  af  caanaltlea 
by  type,(l«a«  4aatha  and  injured  aa  af  D plaa  60  daya« 

b.  Tha  anticipated  deatha  and  fatally  injmred  by  time  peried,l.e. 
D plaa  1 day;  6 plaa  7 daya;  D plaa  Ih  daya  and  D plua  60  daya. 
Fatally  injared,  aa  aaad  herein,  refera  te  indlvldmala  wha 
aaataln  injnrlaa  which  reaalt  In  death  by  the  end  af  60  days* 

Twa  farms  hava  bean  dasigned  far  casaalty  eatimatlan  purpaaaai  (1) 
far  wlthaut  warning  and  (2)  with  warning*  Althaugh  the  casuaTty 
percentage  nraltipllars  far  wlthaut  warning  and  with  warning  differ. 

It  shauld  be  nated  tha  percentage  multlpllera  far  the  anticipated 
deatha  and  anticlpatbad  fatally  injured  far  bath  wlthaut  warning  and 
with  warning  remain  the  aame* 

Eatimataa  af  aiirvlvara  within  the  blaat  areamay  be  canqanted 
by  uaa  af  the  Survivar  Estimatian  Farm.  The  fatally  injmred  da 
net  survive  and, canaequantly, have  nat  been  included  in  the  farm. 
Survlvara  repreaent  individuals  wha  are  net  hurt  aa  well  aa  these 
wha  sustain  injuries  but  racaver.  Survlvara  alsa  include  all 
papulatian  lacatad  autsida  tha  blast  and  fallaut  areas. 
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Cawalty  E«timati«n  F»rm 

Direct  Ef facta  Only 
Withaut  Warning 


OCD  Ragien 

State 

SMS/ 

Pajiulatian 


WeajiaR  Size  « 


IJrpe  af  B«rat.. 
Qrausd  Zara  L_ 


_ Casualty  Raalil 
. Zane  Ra<ii 


Hme  and  Day^ 


Middle 


Pr a attack  Papula tiam 

Pradictiaa  af  Cafcualtiaa  at  and  af  60  days 

Dat 

Value 

Zana 

Number 

af  data 

Sstimatad 

Papula tiaM 

Deaths 

Hurt 

Tatal 

percent 

Number 

Percent 

Number 

Casualties 

Inner 

s-loo 

A-67 

S“0 

A-e 

kiiiiaa 

31 

33 

Outer 

2 

17 

'Pital 

Anticiyatea  Deaths  by  Uma 


Day 

Deaths  as  af  £nd  af  D plus  60 

Inner  Zane 

Midale  Zane 

Outer  Zane 

Tatal 

Inticipated  Deaths 
Number 

IT 

Number 

—r 

Number 

Number 

1 

100 

67 

67 

7 

100 

83 

83 

111 

100 

91 

91 

60 

100 

100 

100 

1 

Anticipated  Fatally  Injures  by  Time  Tetal 

0 

33 

33 

7 

0 

17 

17 

111 

0 

9 

9 

60 

0 

0 

0 

^1 
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C»»ualty  K«tim«ti»n  Ftbi 

Direct  Effacti  Only 
Withi  Warning 


OCD  Redeii  : 

Vfeaeeii  Size  * 

Casnalty  Radii 

State  : 

Tvnee  ef  Bmrat'. 

Zene  Radii 

SMSA 

QrevuiJ  Zere  ' 

Inner  I 

Peemlatiem  1 

nmo  and  Day; 

Middle: 

ef  Detenatien 

Outer  1 

Pre attack  Pepulatien 

Predlctien  ef  CaWaltlev  at  end  ef  60  days 

Det  Value 

Zene 

Number 

ef  deta 

Satlmated 

Peiiulatien 

Deaths 

Hurt 

Tatal 

percent 

Number 

Percent 

Number 

Casualties 

Inner 

S-100 

A-no 

S-0 

A-IS 

Middle 

. to 

zs 

Outer 

1 

\ 

Tdtal 

><. 

AHticiyatee  Deaths  by  Time 


Day 

Deaths  as  ef  End  ef  D iilus  60 

Inner  Zene 

Mldsle  Zene 

Outer  Zene 

Idtal 

Intlcipated  Deaths 
Number 

— ir 

Number 

~r 

Number 

l^umber 

1 

100 

67 

67 

7 

100 

63 

83 

lU 

100 

91 

91 

60 

100 

100 

100 

1 

Anticipst/oa  Fstsily  Injures  by  Time  Tetal 

0 

33 

33 

7 

0 

17 

17 

111 

0 

9 

9 

60 

0 

0 

0 
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3urvivar 

Estimatian  Farm 

Dirac t Effects  Only 
Withaut  Warning 

OCD  RaeiaM  ! 

Vlaaaan  Siza  1 

Casualty  Radii 

Stata 

Type  af  Bursty 

Zana 
Innar  * 

Radii 

SM5A 

Oraund  Zara  2 

_ Middla  .* 

Tima  and  Dayl. 

. Outar  • 

af  DatAnatiaa 

Pra attack  Papula tian 
Dat  Valua 

Pradictian  af  Survivars  at  and 

af  60  days 

Zana 

Numbar 

Eatimatad 

Nat 

Hurt 

Hurt 

Tdtal 

af  data 

Papula tiau 

Parcant 

Numbar 

Parcant 

Numbar 

Survivars 

Iimar 

5 - u 
A - 5 

b-  0 

A-8 

Middla 

36 

33 

Outar 

61 

17 

Tatal 

X 

With  Warning 

Pra attack  Papula tian 
Dat  Valua 

Pradictian  af  Suirvivars  at  and  af  60  days 

Zana 

Numbar 

Eatimatad 

Nat 

Hurt 

Hurt 

T^tal 

af  data 

Papula tiau 

Parcant 

Numbar 

Parcant 

Numbar 

Survivars 

Inuar 

S - U 
A -1$ 

b-  0 

A-/5 

Middla 

^s 

Outar 

1 

Tatal 

R-^raarks;  The  s\irviv*r  figure  i#eB  n*t  include  the  fatally  injured  wh* 
eventually  die  within  60  days.  'Ihe  fatally  injured  by  time 
period,  if  desired,  may  be  »b1tained  fr«m  the  Casualty  Estimatian 
Farm. 
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Eatlmatine  C«»ualti»«  Fr»m  In41r«ct  gCf»ct»  (Fall»ut  Only) 


In  a surfaca  burst,  tha  axtant  and  natur#'  af  the  fallaut  can  range 
between  wide  extremes.  Factars  affecting  the  shape  ef  the  falleut 
pattern  are: 

(1)  Held  and  design  af  the  weapan 

(2)  The  height  af  burst 

(3)  Mataaralagical  canditians 

(U)  Nature  af  the  terrain 

The  tatal  amaunt  af  radiaactivity  that  ppears  in  the  fallaut  area 
depends  an  the  extent  ta  which  the  fireball  canes  in  cantract  liith  the 
graund,  and  is  greater  when  the  height  af  burst  appraaches  zere  and  mare 
af  the  fireball  descends  within  the  earth*  Fram  a cantact  surface  burst, 
abaut  50  ta  80  percent  af  the  tatal  residual  radiaactivity  will  be 
dapa sited  an  the  graund  within  a few  hundred  miles  af  the  burst* 

Matearalagical  canditians  and  ather  factars  influence  the  size,  shape, 
and  lacatian  af  the  fallaut  pattern  an  tha  graund*  The  wind  structure 
between  the  graund  and  the  tape  af  the  nuclear  claud  is  the  mast  impartpnt 
factar* 

Tha  siza,  shapa,  lacatian,  and  intensities  af  the  cantaurs  within 
tha  pattern  are  dependent  an  the  size  distributian  af  particles  and  their 
activity  in  the  claud*  This  size  distributian  af  the  particles  is  affected 
ta  a certain  degree  by  the  nature  af  tha  terrain  ever  which  the  weapen  is 
detanated. 
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As  a gensral  rulo^  the  falleut  will  farm  an  irregular  elengated 
pattern  ef  centaminatien.  Uiis  is  called  the  dewnwind  pattern.  Its 
shape  and  dimensiens  will  be  determined  by  the  speeds^  directiens  ah'd 
shear  ei  axj.  winds  between  the  greund  and  tep  ef  the  nuclear  cleud* 

Fer  illustratien  purpeses  dnly^  an  idealized,  theeretical  dewnwind 
pattern  ef  centaminatien,  shewing  several  de8e  rate  centeurs,  is 
depicted  schematically  in  figure  ^ ,l0  • The  centeur  lines  shewn 
have  been  smeetheed;  hewever,  it  sheuld  be  remembered  this  has  been 
dene  p\irely  fer  illustrative  purpeses.  In  an  actual  situatien,  the 
centeur  lines  will  be  jagged  and  within  the  falleut  pattern  will  be 
area*  which  will  centain  dese  rates  higher  than  the  surreundings,  call» 
"hat  spdts"* 

At  any  given  lecatien  dewnwind,  seme  time  will  elapse  befere 
falleut  aiTives.  The  time  ef  arrival  depends  ent 

(1)  Distance  frem  greund  zere 

(2)  Size  and  altitude  ef  the  cleud 

(3)  Time  required  fer  particle  s te  fall  te  the  greund 

(li)  Speed  ef  the  effective  wind 
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Schematic  Illustration 
of  a 

Fallout  Dovmwind  Pattern 


Dose  Rate  Contours 
1-megaton  surface  burst 
(15  mph  effective  wind)* 
50^  Fission  - 50^  Fusion 


Remarks : 

1  hour  reference  dose  rates 

Contour  Dose  rate 

1 “JoOOrThr 

2 lOOOrAr 

3 300rAr 

4 lCX)r/hr 

5 30r/hr 

6 10rA4 


Figure  7^^  q 
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1h»  d«s«  rat*  cantaurs  and  dasa  ratas  within  the  fallaut  pattern  at 
each  smccassiv*  haur  after  H plea  1 are  canatantly  changing.  After 
fallamt  is  camplata  at  a given  lacatian,  the  daae  rates  decrease  with 
Urn*.  An  appraximata  rule  is^aa  fallewss  far  every  aeven-feld  increase  in 
time  after  the  e:(pl*si*a,  the  activity  decreases  by  a factar  af  ten. 

Far  axanpla^  if  the  radiatian  intensity  at  a lacatian  1 haur  after  the 
asqplasian  is  taken  as  a rafaranc*  time^  than  at  7 haurs  after  the 
axplaaian,  the  intensity  at  that  lacatian  will  have  decreased  t* 
ana-tanth|  at  7x7'ii9  hanrs  (ar  ramghly  2 days)  it  will  be  ana- 
hundredth;  at  7x7x7  =3U3  haurs  (ar  raughly  2 weeks)  the  activity  will 
be  ane-thausandth  af  that  at  1 haur  after  the  burst.  This  rule  is 
raughly  applicable  far  abaut  ICX)  days,  after  which  the  radiatian 
intensity  decreases  mare  rapidly  than  indicated  by  the  abave  rule. 

Tdbl*  furnishes  the  das*  ratds  at  specific  haurs  far 

centaurs  1-2-3-U-5  and  6. 

Table  7. 3.  furnishes  the  tatal  dase  between  specified  time  periads. 

Table  7.3/  furnishes  th*  tatal  dase  fram  time  af  arrival  af 
fallaut  thru  H plus  2k  haurs. 

In  general,  at  any  given  lacatian  at  a distance  fram  a surface 
burst,  same  time  will  elapse  bafar*  the  fallaut  arrives.  F*r  the 
canditians  assumed  in  th*  axasqila  depicted  (see  figure  %J0) , the 
fallaut  camprising  centaur  1 is  dawn  by  H plus  2 haurs;  centaur  2 
by  H plus  3 haurs;  centaur  3 by  H plus  $ haurs  and  centaur  by  H plus 
6 haurs. 
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D*se  Rates  at  ^ecifieil  H»urs 
Outside 


Time 

Overall  Dose 

Contour 

Contour 

Contour 

Contour 

Contour 

Contour 

From 

Rate  Factor 

1 

2 

\ 

4. 

5 

6 

Detonation 

t-1.2 

r/hr 

r/hr 

r/hr 

r/hr 

r/hr 

rAir 

H+1 

1.000 

3000.0 

1000.0 

300.0 

100.0 

30.0 

10.0 

H+2 

.440 

1320.0 

440.0 

li2.6 

TOT" 

13.2 

4.4 

H+3 

.270 

810.0 

270.0 

§T7o“ 

57.6 

8.1 

2.7  ” 

H+4 

.200 

600.0 

200.0 

60.0 

26.6 

6.0 

2.0 

H+5 

.150 

450.0 

156.0 

45.6 

15.0 

4.5 

1.5 

H-*-6 

.120 

3^0.0 

120.0 

36.0 

12.0 

3.6 

1.2 

H+7 

.097 

291.0 

97.0 

29.1 

9.7 

2.91 

0.97 

H+8 

.085 

255.0 

§57^ 

. _25.5 

8.5 

2.5 

0.85 

H+9 

.072 

216.0 

72.0 

21.6 

7.2 

2.16 

0.72 

H+10 

.063 

189.0 

63.0 

18.9 

6.3 

or 

'^'15763^ 

H+11 

.057 

171.0 

57.0 

17.1 

577“ 

■ T.-71 

0.57 

H+12 

.051 

153.0 

51.0 

15.3 

5.1 

1.53 

0.51 

H+13 

2§.o  ■ 

46.0 

■“"13.8 

“ 4.6' 

-'1.38 

6.46 

H+U 

.042 

126.0 

42.0 

12.6 

4.2 

1.26 

6.42 

H+15 

^559 

117.6 

39.6 

"11.7  ' 

-3..9 

I.IT 

' 6.39 

Hn6 

.036 

108.0 

36.0 

10.8 

3.6 

1.08 

6.36 

H+17 

.033 

99.0 

33.0 

9.9 

3.3 

0.99 

0.33 

H+18 

9176“ 

31.0 

9.3 

3.1 

0.93 

0.31 

H+19 

.030 

90.0 

30.0 

9.0 

3.0 

0.90 

6~.30 

H+20 

.027 

81.0 

27.0 

8.1 

2.7 

0.81 

0.27 

H+21 

:025 

78.0 

2^76^ 

7.8 

2.6 

0.78 

0.26 

H+22 

.025 

75.0 

25.0 

7.5 

..  . 2.5  _ 

0.._75 

0.25 

H+23 

.023 

69.0 

23.0 

_6.9 

2.3 

0.69 

0.23 

H+24 

.022 

66.0 

22.0 

6.6 

2.2 

0.66 

(i*22._ 

H+48 

.0095 

28,5 

9.5 

2.85 

0.95 

0.285 

, ,0*695. 

H+72 

.0060 

18.0 

6.0 

1.80 

0.60 

0.180 

0.060 

H+96 

.0042 

12.6 

4.2 

1.26 

0.42 

0.260 

6.642 

H+120 

.0032 

9.6 

3.2 

0.96 

0.32 

0.096 

0.032 

H+144 

.0026 

7.8 

. _ _ 2_,6 

0.78 

0.26 

0.078 

0.026 

H+168 

.0022 

6.6 

2.2 

0.66 

0.22 

0.066 

0.022 

H+2  Wks 

.0009 

2.7 

0.9 

0.27 

0.09 

0.027 

0.009 

H+1  Mo 

.0004 

1.2 

0.4 

0.12 

0.04 

0.012 

0.004 

For  dose  rates  within  structures,  apply  the  following: 

1.  Frame  house: 

First  floor  - l/2  of  outside 
Basement  - l/lO  of  outside 
Comer  of  Basement  - 1/20  of  outside 
Multistory  reinlorced  concrete  structure: 

Lower  floors  (away  from  windows)  - l/lO  of  outside 
Basement  (surrounded  by  earth)  l/lOOO  of  outside 

3,  Shelter  below  grade  with  3 feet  of  earth  - l/lOOO  of 
-^ntside 

To  obtain  the  dose  rate  for  a specific  contour  at  a specified 
hour,  multiply  the  overall  dose  rate  factor  by  the  dose  rate 
at  H+1,  Example:  Find  the  dose  rate  for  contour  2 at  H+4 

hours.  Solution:  Overall  dose  rate  factor  for  H+4  hours  is 

.200xl000r/hr  at  H+1  (contour  2)  = 200r/hr  at  H+4  (answer) • 
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Total  Doset 

Between  Time  Periods  Indicated 
Outside 


Dose 

C 0 N T 

OUR 

i 

Time 

Factors 

For 

1 

2 

3 

4 

5 

6 . 1 

Periods 

Time 

3000r/hr-H+l 

lOOOr/hr-H+1 

3004/h4-H+l 

lOOr/hi^H+1 

30r/hr-H+l 

10r/hr-H+li 

Periods 

r 

r 

r 

r 

r 

r 

H+l-H+2 

0.600 

1800 

600 

180.0 

60.0 

18.00 

6.00 

H+2-H+3 

O.40(3 

I20D 

125.5 

45.5 

32755 

■ 4.55 

H+3-H+4 

0.200 

5oo 

555 

5575 

6.55 

"2.00 

H+4-H+5 

0.170  - 

510 

170 

51.0 

17.0 

5.10 

1.70 

H+5-H+6 

0.1^6 

155 

2375 

15.0 

4.50 

1*20... 

H+^H+7 

0.100 

155 

30.0 

10.0 

3.00 

1.00 

H+7-H+8 

0.085 

255 

85 

25.5 

8,5 

2,55  _ 

6785. 

H+8-H+9 

0.072 

216 

72 

21>6 

7.2 



0»7Z 

H+9-H+10 

0,065 

195 

.65 

19.5 

6.5 

1.95 

H+lO-H+11 

0,057 

171 

57 

17.1 

5.7 

1.71 

__..0^.7 

H-m-H+12 

-Q^QSl 

153 

51 

15.3 

5.1 

1.53 

0.51 

H+12-H+13 

0.046 

138 

46 

13.8 

4.6 

eo 
(— 1 

— ozr" 

H+13-H+14 

0.042 

126 

42  _ 

12.6 

. _4.2_  . . 

1.26 

. Q,42_... 

H+14-H+15 

0.040 

120 

40 

12.0 

4.0.  _ 

1.20_  . 

0.40 

H+I5-H+16 

0.036 

108 

36 

10.8 

...  J_._6  , 

1.08 

0.36 

0.033 

99 

33 

9.9 

_ 3.3 

0.99 

H+17-H+18 

0.031 

93 

31 

9.3 

3.1 

0.93 

0.31 

H+18-H+19 

0.030 

90 

30 

9.0 

3.0 

0.90 

,0*30.- 

H+19-H+2C 

0.027 

81 

27 

3.1 

2.7 

0.81 

O^ZZ^ 

H+20-H+21 

0.02^ 

78 

26 

7.8 

2.6 

0.78 

0.26 

H+21-H+22 

0.025 

75.  .. 

25 

7*5 

. 2.5 

...Q..75 

_._0.^25  . 

H+22-H+23 

0.023 

69 

23 

^.9 

2.3 

0.69 

0.23 

h+23-H+24 

0.022 

66 

55 

6.6 

2.2 

0.66 

0.22 

L 

For  total  dose  between  time  periods  indicated  within  structures, 
apply  the  following: 

1.  Frame  house: 

First  floor  - 1/2  of  outside 

Basement  - l/lO  of  outside 

Comer  of  Basement  - 1/20  of  outside 

2.  Multistory  reinforced  concrete  structure: 

Lower  floors  (away  from  windows)  - l/lO  of  outside 
Basement  (surrounded  by  earth)  - l/lOOO  of  outside 

3.  Shelter  below  grade  with  3 feet  of  earth  - l/lOOO  of  outside 


To  obtain  the  total  dose  for  a specific  contour  between  a specified 
time  period,  miiltiply  the  dose  factor  by  the  dose  rate  at  H+1  for 
the  contour  desired.  Example:  Find  the  total  dose  for  contour  2 

between  H+4  and  H+5«  Solution:  Dose  factor  for  time  period  H+A- 

and  H+5  is  0,170xl000r/hr  at  H+1  (contour  2)  = 170r  (answer). 
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Total  Dose  From  Time  of  Arrival  of  Fallout  Thru  H+24  Ho\irs 


Outside 


From  Time  of 
Arrival  of  Fallout 
Thru  24  Hours 

1 Contour 
1 

(3000rAr 
at  H+1) 

Contour 

2 

(lOOOrAr 
at  H+1) 

Contour 

3 

(300rAr 
at  H+1) 

Contour  ^ 
4 

(lOOr/hr 
at  H+1) 

Contour 

5 

(30r/hr 
at  H+1) 

Contour 

6 

(lOr/hr 
at  H+1) 

1 - H+24 

7.500 

2.500 

750 

250 

75 

25.0 

H+  2 - H+24 

. 5.193  . 

1.731 

519 

173 

52 

17.3 

H+  3 - H-^24 

1.331 

399 

133 

40 

i3.3 

H+  4 - H+24 



— 

339 

ll3 

34 

11.3 

H+  5 - H+24 

— 

— 

288 

96 

29 

9.6 

H+  6 - H+24 







81 

25 

§Tl 

H+  7 - H+24 







71 

22 

7.1 

H+  8 - H+24 





— 

63 

19 

6.3 

H+  9 - H+24 







17 

5.6 

H+10  - H+24 

— 

— 

— 

— 

15 

5.0 

H+11  - H+24 





— 

— 

__  13 

4.4 

H+12  - H+24 



— 

— 

— 

3.9 

H+13  - H+24 

— 

— 

— 

— 

— 

3.4 

H+IA  - H+24 







3.0 

H+15  - H+24 

— 

— 

— 

— 

— 

2.6  ■ 

H+16  - H+24 

— 

— 

— 

— 

— 

H+17  - H+24 











1.9 

H+18  - H+24 

— 





— 



1.6 

H+19  - H+24 







— 



1.3 

H+20  - H+24 

— 

— 

— 

— 

— 

1.0 

H+21  - H+24 

— 

— 

— 

— 

— 

- -0.7 

H+22  - H+24 

— 

— 

— 

— 

— 

.0.3 

H+23  - H+24 

— 

— 

— 

— 

— 

Remarks: 


(a)  Contour  1 is  300  times  contour  6 

Contoxir  2 is  100  times  contour  6 

Contour  3 is  30  times  contour  6 

Contour  A is  10  times  contour  6 

Contour  5 is  3 times  contour  6 

(b)  An  "acute  dose"  is  the  total  roentgens  absorbed  within  24  hours. 

(c)  A dash  means  the  idealized  fallout  pattern  contour  has  been 
completed  and  therefore  not  applicable. 

(d)  For  total  dose  within  structures  apply  the  following: 


1.  Frame  house: 

First  floor  - 1/2  of  outside 

Basement  - l/lO  of  outside 

Comer  of  bas«nent  - 1/20  of  outside 

2.  Multistory  reinforced  concrete  structures: 

Lower  floors  (away  from  windows)  - l/lO  of  outside 
Basement  (surrounded  by  earth)  - l/lOOO  of  outside 

3.  Shelter  below  ^rade  with  3 feet  of  earth  - l/lOOO  of  outside 


Table  7.4 
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At  the  eni  «f  2U  haurs  si’ter  the  «ieit»nati»n  rf  a surface  burst, 
mast  af  the  "lacal  fallaut"  will  have  aescenalei.  The  fallawing  dejicts, 
far  illustratian  jaurpases  anly,  the  arrival  timesaf  fallaut  and  the 
cantaurs  far  a 1 MT  surface  burst. 

Schematic  Illustratian 
af 

Fallaut  Cantaurs  and  Arrival  Times 

1 MT  - 5056  Fission  - 5W  Fusion 
(15  MPH  Effective  Wind) 


Far  exercise  purpase  anly,  estimates  af  casualties  within  the 
fallaut  areas,  as  ®f  H plus  2h  hours,  may  be  abtained  by  use  af 
casualty  multipliers  far  the  various  fallaut  cantaurs.  The  casualty 
multipliers  far  a tatal  dase  received  in  ane  day  are  as  fallaws; 
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Radiation  Sickness  and  Death 
(Total  radiation  dose  over  the  whole  body 
received  in  one  day) 


Total 

Radiation 

Dose 

Sickness 

Die 

(r) 

(Percent) 

(Percent) 

0-75 

0.0 

0.0 

100 

2.0 

0.0 

125 

15.0 

0.0 

150 

25.0 

0.0 

200 

50.0 

0.0 

300 

100.0 

20.0 

450 

100.0 

50.0 

650 

100.0 

95.0 

Calculating  the  autside  dase  far  geagraphic  paints  where  papulatians 
are  lacatea  wichin  a fallaut  cantaur  is  extremely  difficult.  Ta  facilitate 
the  casualty  astimatian  pracess,  therefare,  simplified  pracedures  have 
been  develaped.  Far  purpases  af  eliminating  complex  calculatians,  the 
fallawing  dale  figures  and  casualty  multipliers  may  be  used  far  estimatian 
purpases. 


Contour 

OU 

ITS  IDE 

FRAM 

E HOUSE 

BASHffiNT 

Dose(r) 

by 

H+24  Hours 

Percentages 

Dose(r) 

by 

H+24  Hours 

Percentages 

Dose(r) 

by 

H+2Zi,  Hours 

Percentages 

Sick 

Die 

Sick 

Die 

Sick 

Die 

1 

Over  5000 

100.0 

100.0 

Over  2500 

100.0 

100.0 

Over  500 

100.0 

50.0 

2 

Over  1300 

100.0 

100.0 

Over  650 

100.0 

100.0 

Over  130 

/S~sO  . 0.0 

3 

66b  . 100.0  1W.0 

3^ 

/O).o 

20.0 

■ 0.0  1 O’O 
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lb  facilitate  the  casualty  estimation  process  vdthin  fallout  areas 
the  following  conditions  have  been  assumed: 

ao  1116  H plus  2k  hour  dose  figure  for  a conto \ir  applies  to  all 
of  the  population  located  within  the  area* 

b*  The  H plus  2k  hour  dose  figures  for  contours  and  6,  in 
general,  do  not  produce  radiation  sickness  or  fatalities.  Hierefore, 
when  estimating  casualties,  the  populations  located  in  these  contours 
are  not  considered. 

c*  The  population  remain  within  a contour  from  H-hour  thru 
H plus  2k  hours. 

d*  All  individuals  take  cover  — within  fallout  shelters,  house 
or  basement.  Dose  figures  and  casualty  percentage  multipliers  for 
a frame  house  or  basedent,  therefore,  should  be  used  when  developing 
estimates* 

e*  Recovery  does  not  begin  until  H plus  7 days;  x-he  casualty 
percentage  iroiltipliers  are  not  based  on  the  "effective  biological  dose 
(EBD)"* 

f*  Individuals  receiving  more  than  l,000r  will  be  fatalities 
wix-hin  1 week;  individuals  receiving  600r  - l,000r  will  be  fatalities 
within  1 month. 

g*  Distance  of  fallout  will  vary  with  wind  speed  and  weapon  yield* 
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Ihe  following  percentages  will  assist  personnel  to  determine  the 
number  of  individuals  within  basements  and  frame  houses; 


Area 

Percent  of 
Population 

Within 

Basement 

Within 

House 

REGION  1 

Conncclicut 

BO 

2U 

Maine 

BO 

20 

Mauachuseiu 

BO 

20 

New  Hampshire 

BO 

20 

New  Jersey 

BO 

20 

New  York 

BO 

20 

Rhode  Island 

BO 

20“1 

Vermont 

BO 

20 

Puerto  Rico 

M 

NA 

Virein  Islands 

NA 

NA 

REGION  7 

Delaware 



Dist.  of  Columbia 

50 

50 

- 

Kentucky 

50 

5o 

Maryland 

50 

50 

Ohio 

BO 

20 

Pennsylvania 

BO 

20 

Virginia 

50 

50 

West  Virginia 

50  ■ ■ ■■ 

50 

REGION  3 

Alabama 

ID 

90 

Florida 

10 

90 

Georgia 

10 

90 

Mississippi 

10 

90 

North  Carolina 

10 

90 

South  Carolina 

10 

90 

Tennessee 

10 

90 

Canal  Zone 

NA 

NA 

Area 

Percent  of  Population 

Within 

Basement 

Within 

REGION  4 

Illinois 

BO 

20 

Indiana 

BO 

20 

Michigan 

BO 

20 

Minnesota 

BO 

■ 20 

Wisconsin 

BO 

20 

REGION  5 

Arkansas 

ID 

90 

Louisiana 

10 

90 

New  Mexico 

10 

90 

Oklahoma 

10 

90 

Texas 

10 

90 

REGION  6 

Colorado 

50 

50 

Iowa 

80 

20 

Kansas 

50 

50 

Missouri 

50 

50 

Nebraska 

8o 

20 

North  Dakota 

80 

20 

South  Dakota 

80  . 

20 

Wyoming 

80 

20 

REGION  7 

Arizona 

10 

90 

California 

10  . 

90 

Hawaii 

NA  ■ 

NA 

Nevada 

50 

50 

Utah 

50 

^0 

American  Samoa 

NA 

NA 

Guam 

NA 

NA_. 

REGION  8 

Alaska 

NA 

NA 

Idaho 

80 

20 

Montana 

80 

20 

Oregon 

50 

^0 

Washington 

^ 
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Casualty  fc.3timation  Form  - Fallout  Only 


Casualty  estimates  within  fallout  areas  only  may  be  computed  by 
use  of  the  form  entitled  " Casualty  iistimation  Form  - Fallout  Only”* 

Use  of  the  form  will  enable  personnel  to  develop  the  following  estimates: 
a*  The  population  within  each  of  the  fallout  contours* 
b.  The  number  of  individuals  located  within  basements  and  frame 
houses* 

c*  The  number  of  individuals  who  will  become  sick  from  the 
radiation  effects  and  the  number  who  will  eventually  die* 

d.  The  time»*phasing  for  those  individuals  idio  eventually  die* 
Idealized  fallout  templates,  depicting  the  various  contours,  may 
be  used  to  train  personnel  in  how  to  compute  estimates  of  casualties 
within  fallout  areas  only.  Such  devices, however,  should  not  be  used 
when  a specific  attack  pattern  is  employed  for  exercise  purposes 
or  in  the  event  of  an  enemy  attack*  During  exercises,  personnel 
should  use  for  casualty  estimation  purposes  the  fallout  pattern 
especially  developed  for  the  attack  pattern  designed  for  the  exercise* 
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I 

Casualty  Sstimation  Form 
(Fallout  Only) 


OCD  Region:  __________  State; 


iistimated  Population 


Contour  1 

Contour  2 

Contour  3 

Dot  Value; 

Dot  Value: 

Dot  Value; 

No.  of  Dot; 

No. of  Dots; 

No.  of  Dots; 

Population; 

Population; 

Population; 

In  basement: 
% : 

In  basement; 
% 1 

In  basement: 
% : 

In  house; 

In  house; 

% : 

In  house  : 

% : 

Estimated  Casualties 


Hoiise 

Basement 

Contour 

Population 

Sick 

Die 

' Contour 

Population 

Sick 

Die 

% 

No. 

% 

1 

TO 

TO" 

1 

TO 

50 

2 

100 

100 

2 

15 

0 

3 

100 

20 

3 

0 

0 

Tbtal 

X 

X 

Ibtal 

X 

X 

Anticipated  Deaths  by  Time 

House 

Contour  Time 

1 ••ittiin  7 days 

2 Within  30  days 

3 Within  60  days 

Basement 

Contour  Time 

1 Within  60  days 

2 None 

3 None 

i 
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:vlETHOD  ESTL^^ATSMG  DAY 
POPULATlOr^ 


Operation 

Begin  with  19^0  resident  population  by- 
census  tracts  or  enumeration  districts. 
Subtract  residents  in  the  labor  force 

Subtract  children  in  school 


Subtract  residents  away  from  home  for 
reasons  other  than  school  attendance 
or  employment. 

Subtract  institutional  population 


Character  and  source  of  data 

Final  figures  from  the  I960  census  of 
population. 

Constructed  from  final  i960  Census 
data.* 

Constructed  from  final  1960  census 
data  adjusted  to  independent  total 
school  enrollment.* 

Constructed  from  data  obtained  lo- 
cally, applied  to  total  resident  labor 
force,  and  distributed  in  accordance 
with  nonworking,  noninstitutional, 
nonschool  population.* 

Determined  from  1960  census  data. 


(Result  of  these  subtractions  gives  an  estimate  of  persons  in  their  own  homes 
during  the  day.) 

Add  estimate  of  number  of  persons  em-  Estimate  based  on  distribution  of  1960 
ployed  in  area.  labor  force  (adjusted  to  include 

, workers  coming  from  beyond  city 

limits)  among  districts  in  accord- 
ance with  jjatfcfifns  of  employment 
shown  by  Census  of  Manu- 

factures and  ■ Census  of  Busi- 


Add  estimates  of  persons  in  school  in  area.. 


Add  institutional  population 

Add  estimates  of  persons  present  for 
reasons  other  than  employment  or 
school  attendance  (transients  in  hotels 
and  other  visitors,  shoppers,  etc.). 


Assumed  equal  to  estimate  of  number 
of  residents  in  area  enrolled  in 
school. 

Available  in  census  records. 

Persons  resident  in  city  and  away 
from  home  for  these  reasons  ad- 
justed to  include  groups  coming 
from  beyond  city  limits,  and  as- 
sumed to  be  in  ratio  to  estimate  of 
persons  employed  in  business  estab- 
lishments.* 


(Result  of  this  computation  is  daytime  population.) 


Footnotes 

' For  all  tracted  cities  the  number  of  residents  in  the  labor  force  is  directly 
available  by  tracts  from  final  1 960  census  data.  For  all  untracted  cities  the  method 
of  constructing  1960  labor  force  estimates  for  each  enumeration  district  is  as 
follows: 

(o)  Obtain  number  of  residents  14  years  old  and  over  in  each  enumeration 
district  from  final  1960  census  data. 

(6)  Add  figures  in  (o)  to  obtain  total  number  of  residents  14  years  old  and  over 
in  city  as  a whole. 

(c)  Obtain  the  number  of  persons  in  the  labor  force  for  the  city  as  a whole  from 
final  1960  census  data. 

(d)  Determine  ratio  of  number  of  persons  in  labor  force  (c)  to  number  of  persons 
14  years  old  and  over  (6)  for  city  as  a whole.  This  gives  adjustment  factor. 

(e)  Apply  this  adjustment  factor  to  number  of  persons  14  years  old  and  over  in 
each  enumeration  district  (o).  This  gives  estimate  of  number  of  residents  in  the 
labor  force  in  each  enumeration  district. 

* Method  of  constructing  estimates  of  children  in  school: 

(o)  Obtain  number  of  children  5 to  17  years  of  age  from  final  1960  census  data, 
by  tracts  for  tracted  cities  or  by  enumeration  districts  for  untracted  cities. 

(6)  Add  figures  in  (o)  to  obtain  total  number  of  children  5 to  17  years  of  age  in 
city  as  a whole. 

(c)  Obtain  from  1960  census  sample  data  or  from  independent  sources  estimates 
of  elementary  and  high  school  enrollment  for  1960  for  city  as  a whole. 

(d)  Determine  ratio  of  school  enrollment  (c)  to  school-age  children  (b)  for  city 
as  a whole.  This  eives  adiustment  factor. 
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(«)  Apply  this  adjustment  factor  to  number  of  school-age  children  for  each 
tract  or  enumeration  district  (a).  This  gives  1960  estimate  of  school  population 
for  each  tract  or  enumeration  district. 

• Method  of  estimating  number  of  persons  away  from  home  for  reasons  other 
than  school  or  employment: 

(а)  From  data  available  locally  obtain  a factor  describing  the  numerical  rela- 
tionship between  such  persons  and  the  faumber  of  resident  workers.  (If  such  data 
are  not  available  locally,  use  a factor  of  40  percent.  Thus  factor  was  computed 
from  dau  available  in  a few  cities  and  may  not  be  as  accurate  as  a factor  obtained 
from  local  dat».) 

(б)  Apply  t|iis  factor  to  the  estimate  of  total  labor  force  for  the  city  to  obtain 
estimated  total  number  of  persons  away  from  home  for  other  reasons. 

(c)  Distribute  the  estimate  of  total  persons  away  from  home  for  other  reasons 
in  proportion  |o  the  distribution  by  tracts  of  the  population  not  in  the  labor  foVee 
in  school,  or  institutions. 

‘ Method  of  constructing  estimates  of  persons  employed  in  city: 

(a)  To  allow  for  persoas  living  outside  the  city  limits  who  come  into  the  city  to 
work  during  the  day,  the  following  procedure  was  used: 

(1)  For  a single  central  city  in  a standard  metropolitan  area,  add  one-half  of 
the  labor  force  residing  outside  the  city  limits  but  within  the  city’s  stand- 
ard metropolitan  area  to  the  labor  force  residing  in  the  city.  This  yields 
an  estimate  of  the  total  number  of  person-s  working  in  the  city. 

(2)  For  "twin”  central  cities  in  a standard  metropolitan  area  (e.  g.,  St.  Paul 
and  Minneapolis),  apportion  one-half  of  the  labor  force  residing  outside 
the  two  cities  but  within  the  standard  metropolitan  area  according  to 
the  number  of  persons  emplo^red  in  business  establishments  in  each  city 
(m  determined  from  the  Census  of  Business).  Add  these  appor- 
tioned parts  to  the  labor  force  residing  in  each  city.  This  yields  an 
estimate  of  the  total  number  of  persons  working  in  the  city. 

(3)  For  clusters  of  large  cities  in  a standard  metropolitan  area  (e.  g.,  joostuu 

or  New  York);  add  to  the  number  of  persons  emploxed  in  manufacturing 
establishments  in  the  city,  (as  determined  from  Census  of  Manu- 
factures, three  times  the  number  persons  employed  m business  estab- 
lishments (as  determined  from  ; \ Census  of  Business).  This  yields 

an  estimate  of  total  number  of  persons  workine  in  the  city.  The  ratio 
of  three  to  one  is  established  as  an  average  ratio  of  the  number  of  persons 
working  in  all  nonmanufacturing  establishments  to  the  number  of 
persons  reported  working  in  those  business  establishments  covered  by  the 
Census  of  Business. 

(b)  Divide  this  estimate  of  total  persons  working  in  the  city  into  (1)  persons 
employed  in  manufacturing  (assumed  to  equal  the  number  reported  by 
Census  of  Manufactures),  and  (2)  all  other  workers. 

(f)  Distribute  tlie  estimate  of  the  number  of  persons  employed  in  manufacturing 
in  accordance  with  the  estimated  tract  distribution  of  persons  employed  in  manu- 
facturing establishments  (the  latter  estimate  is  based  on  data  from  the 
Census  of  Manufactures). 

(d)  Distribute  the  estimate  of  the  number  of  workers  not  employed  in  manu- 
facturing in  accordance  with  the  estimated  traqUlistribution  of  persons  employed 
in  business  establishments  as  reported  by  the  Census  of  Business. 

For  Washington,  D.  C.,  divide  the  estimated  number  of  workers  not  em- 
ployed in  manufacturing  into  government  workers  and  others.  Distribute  the 
estimated  number  of  government  workers  in  accordance  with  a tract  distribu- 
tion estimated  from  local  data.  Distribute  as  in  (d)  above  the  estimate  of  the 
other  persons  not  in  government  and  not  in  manufacturing. 

(e)  Add  the  distributions  in  (c)  and  (d)  to  obtain  an  estimate  of  the  district 
distribution  for  all  persons  working  in  the  city  during  the  day. 

* Estimate  of  persons  present  for  reasons  other  than  employment  or  school 
attendance: 

(o)  To  allow  for  "other  persons  away  from  home”  whose  residence  is  outside 
the  city  limits,  increase  the  estimated  city  total  for  “other  persons  away  from 
home”  by  a 30  percent  factor.  (This  factor  is  based  on  data  for  a few  cities.) 

(b)  Distribute  the  estimated  number  of  “other  persons  away  from  home” 

in  the  city  during  the  day  in  accordance  with  the  distribution  by  tracts  of  persons 
employed  in  business  establishments  based  on  data  from  the  Census  of 

Business. 

(c)  Add  to  the  estimated  number  of  "other  persons  away  from  home”  an 
estimate  of  the  transient  hotel  population  by  tracts,  based  on  records  from  the 
. census  showing  location  of  hotels,  from  data  on  number  of  rooms  from  the 
Hotel  Redbook  and  from  an  assumed  rate  of  occupancy. 
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Important  Assumptions 

Certain  assumptions  had  to  be  made  in  developing  the  procedure 
described  in  this  appendix.  Some  of  these  assumptions  have  little 
actual  supporting  evidence  but  are  considered  valid.  The  more 
important  of  these  are: 

(а)  The  total  number  of  residents  of  the  city  away  from  home  for 
reasons  other  than  school  attendance  and  employment  approximates 
40  percent  of  the  total  resident  labor  force,  and  an  increase  in  this 
number  by  30  percent  provides  an  adequate  estimate  of  the  number 
of  persons  in  the  city  during  the  day  who  were  away  from  their  home 
outside  the  city.  Since  usable  field  data  were  obtained  from  only 

3 or  4 cities  on  these  points,  the  patterns  might  not  apply  to  all  the 
cities. 

(б)  The  net  number  of  persons  in  the  city  for  reasons  of  employ- 
ment approximates  the  total  labor  force  of  tbe  city  plus  one-half  the 
labor  force  of  the  standard  metropolitan  area  outside  the  city. 

(c)  Employment  in  other  than  manufacturing  follows  the  same 
area  distribution  as  employment  in  business  establishments  reported 
by  the  . Census  of  Business. 

(d)  iNlonworking  and  nonschool  persons  are  present  in  an  area  in 
relation  to  the  number  of  persons  employed  in  business  establishments. 

(e)  The  current  pattern  of  employment  distribution  is  the  same 

«8  tkat  skawB  in  Census  ef  Business  and  Census 
•f  Manufactures 
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■Suppleifaentary  Information, on  Maps 

CoB|K>nonta  of  s K«p B>^X 

df  Maps  ••  B-3 

Scales  B*'? 

Map  Projections  B-'12 

Contents  of  Haps  B~16 

l^iTpes  of  Graphic  Descriptions  B-20 

Techniques  of  Graphic  Presentation  ••••««»  B-23 

Census  Tract  end  Numeration  District  Haps  ••«.«asoo ••••*«•.•« a B-hl 

United  States  OeologicaX  Purvey  (USG3)  Haps  B-U2 

Army  Map  Service  (AMS)  Maps  B-53 

Explanation  nnd  Use  of  the  U'B’I  Grid  ...  ...o  B-5B 

Explanation  and  Use  of  toi’ld  Geographic  Reference  (GBOREF) 

Sysoent  B-73 

General  Highway  Maps  B~76 

AMS  and  USOS  Quadrangles  - Is^OO^OO  and  Is 2^0,000  Scales  for; 

OCD  Region  1 B-79 

^CD  Region. 2 B-83 

OCD  Region  3 B-67 

OCD  Region  it  B-92 

OCD  Region  $ B-97 

OCD  Region  6 B*>102 

OCD  Region  7 B-108 

OCD  Region  £ B-113 


COgONEWTS  OF  A MAP 


Maps  usually  show  an  irregular  area  fitted  to  a rectangular 
page  or  sheet.  The  con5>osition  of  the  sheet  varies  with  each  map; 
however,  the  components  or  make-up  do  not  differ  too  much  from  map 
to  map. 

The  basic  cooqx>nents  of  a map  are:  title,  legend,  border, 

scale,  parallels  and  meridians,  compass  roses,  insets,  accessories, 
gz*aphic  descriptions,  symbols  and  lettering. 

Title  - The  title  block  of  a map  may  desimate  (a)  the  name  of 
the  land  area  represented  (b)  the  ty^  of  map  (c)  the  author  (d)  the 
year  of  preparation  (e)  the  scale  (f)  other  pertinent  remarks. 

Legend  - The  terms  "legend”,  ”key*’  or  "e^tplanation”  on  a map 
all  refer  to  the  e:q)lanation  of  symbols  or  abbreviations  used  on  a 
map.  Short  legends  are  often  included  in  the  title  block;  extensive 
legends  are  often  placed  separately  - usually  at  the  bottom  of  a map. 
Symbols  for  obvious  features,  such  as  roads,  boundaries  and  so  forth, 
are  often  not  explained  in  the  legend;  standard  abbreviations  are 
also  not  explained  in  the  legend.  Unusual  abbreviations,  however, 
ajre  o:q)lainod  in  the  legend. 

Border  - Maps  are  usually  framed  within  a border.  The  border, 
rectangular  in  shape,  may  be  simple  — consisting  of  a single  line 
or  two  or  more  parallel  lines  — or  decorative.  On  many  city  maps, 
the  border  is  frequently  used  for  indicating  coordinates  which  may 
be  coded.  The  code  and  the  street  index  enable  one  to  locate  a 
specific  street. 

Parallels  and  Meridians  - Parallels  (latitude  lines)  and 
meridians  (longitude  lines)  are  often  omitted  on  simple  maps.  If 
the  parallels  and  meridians  are  omitted  then  a compass  rose  or  north 
arrow  is  substituted  for  the  lines.  Where  they  are  included  on  a 
map,  they  are  often  designated  along  the  borders  in  terms  of  degrees, 
minutes,  and  seconds.  In  maps  employing  strongly  curved  parallels, 
the  entire  projection  system  is  usually  shown  in  order  to  indicate 
the  distortion  and  to  assist  in  a better  reading  of  the  map. 

Compass  Roses  - Where  a map  is  oriented  other  than  to  the  north 
and  the  parallels  and  meridians  are  not  drawn,  then  a compass  rose 
or  north  arrow,  or  other  graphic  device  showing  the  north  direction 
is  often  included  on  a map.  On  large-scale  maps,  it  is  usual  to 
indicate  the  true  north  by  a star;  while  the  magnetic  north  by  a half 
arrow  and  to  state  the  exact  amount  of  the  magnetic  declination. 
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Inset  - An  inset  is  an  independent  small  map  on  a large  scale 
map,  having  its  own  border,  latitude  and  longitude,  title  and  so 
forth.  It  is  shown  on  many  maps  for  one  of  the  following  reasons: 

(a)  to  show  a significant  portion  of  the  main  map  on  a large  scale, 

(b)  to  show  a small-scale  general  map  for  locating  the  area  shown  in 
the  main  map,  or  (c)  to  show  an  extended  area  of  the  main  map  which 
is  drawn  separately  as  an  inset  to  save  space. 

Accessories  - Top>ographic  sheets  have  many  accessories  shown 
outside  the  border  which  are  usually  not  found  on  ordinary  simple 
maps.  Some  of  these  accessories  are: 

(a)  general  title 

(b)  name  of  sheet 

(c)  series  number  of  sheet 

(d)  fractional  scale 

(e)  graphic  scale  showing  feet  and  milet 

(f)  diagram  showing  adjoining  sheets 

(g)  synoptic  key  - an  outline  map  of  political  divisions 

(h)  colximn  of  altitude  tints 

(i)  list  of  definitions  and  abbreviations 

(j)  key  to  conventional  signs 

(k)  list  of  authorities 

(l)  names  of  persons  and  offices  responsible  for  the  map 

(m)  date  of  preparation 

(n)  copyright  notations 

On  city  maps,  an  additional  component  is  the  street  index.  The 
index,  in  conj\inction  with  the  coordinate  system,  permits  the  location 
of  a specific  street. 
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TYPES  OF  MAPS 


The  process  of  classification  involves  the  systematic  arrange- 
ment of  a subject  into  classes,  groups  or  categories  based  upon  some 
definite  scheme.  However,  many  schemes  can  be  used  for  classifying 
maps,  such  as  classifying  them  according  to:  (a)  sheet  size  (b) 

method  of  reproduction  (c)  use  or  purpose  (d)  scale  (e)  manner  in 
irtiich  the  map  is  portrayed  (f)  elements  of  the  content  (g)  area 
covered  and  (h)  other.  For  purposes  of  classifying  civil  defense 
maps,  the  schemes  anployed  in  this  document  are  based  on  the  principal 
characteristics  of  maps.  These  characteristics  are:  (l)  maps  are 

primarily  proportionate  (2)  maps  are  conventionalized  pictures  of 
portions  of  the  earth’s  pattern  as  seen  from  above  and  (3)  maps 
present  pictures  in  a manner  that  their  elements  may  be  plainly 
visible.  Civil  defense  maps  therefore  can  be  classified  with 
reference  to: 

a,  their  scales 

b,  their  conventionalized  pictures 

c,  their  elements  or  content 


Maos  Classified  According  to  Scale 


The  scale  of  a map  is  the  relationship  between  distance  on  a map 
and  distance  on  the  groxmd  e:q5ressed  as  a fraction  or  ratio.  Therefore, 
if  the  scale  on  a map  is  shown  as  1:25, OCX)  - 'OCg}  " means  that 
one  inch  on  the  map  equals  25,000  inches  on  the  ^ound. 


Maps  classified  with  reference  to  their  scales  can  be  grouped 
into  two  categories:  (l)  small  scale  maps,  and  (2)  large  scale  map. 

Maps  having  representative  fractions  from  1:62,500  and  above  are 
small  scale  maps;  maps  having  representative  fractions  up  to  1:62, 5CX) 
are  large  scale  maps.  The  following  considerations  influenced  the 
selection  of  the  representative  fraction  1:62,500  to  distinguish 
small  frcmi  largo  scale  maps:  (l)  the  land  area  covered,  and  (2) 

the  araoiint  of  detail  shown  on  maps.  An  analysis  of  maps  - United 
States,  State,  Co\mty  and  City  - indicated: 

a,  maps  having  scales  over  1:62,500  usually  show  large  land 
areas,  such  as  land  areas  of  States,  Counties  and  Minor 
Civil  Divisions  and  a limited  amount  of  detail, 

b,  maps  having  scales  up  to  and  thru  1:62,500  usually  show 
comparatively  small  land  areas,  such  as  land  areas  of 
cities  and  a great  amount  of  detail. 

Two  cartographic  scaling  principles  are  involved:  (l)  the 

amount  of  area  shown  on  a map  is  inversely  proportional  to  the 
value  of  the  representative  fraction.  The  smaller  the  scale  — 
the  larger  the  land  area  shown;  the  larger  the  scale  — the  smaller 
the  land  area  shown,  (2)  The  amount  of  detail  on  a map  is  directly 
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proportional  to  the  value  of  the  representative  fraction.  The 
smaller  the  scale  — the  less  the  detail:  the  larger  the  scale  — 
the  greater  the  detail.  To  illustrate  the  above  principles:  if 

two  maps  were  compared  — one  having  a 1:25#000  scale  and  the  other 
a 1:62,500  scale,  the  map  with  the  1:62,500  scale  has  a smaller 
scale,  covers  more  land  area  and  shows  less  detail  than  the  map  with 
the  1:25,000  scale.  In  other  words,  given  two  maps  of  the  same  sheet 
size,  one  map  having  a large  scale  and  the  other  a small  scale,  it 
is  the  larger  scale  map  which  covers  the  smaller  area  of  terrain  but 
in  greater  detail  than  on  the  small  scale  map. 

Although  maps  are  printed  on  different  sheet  sizes,  it  is  the 
scale  and  not  the  sheet  size  that  determines  the  size  of  area  and 
amount  of  detail  shown  on  a map. 

Maps  showing  land  areas  for  minor  civil  divisions,  counties, 
states  and  regions  as  well  as  United  States  maps  usually  are  small 
scale  maps,  having  scales  ranging  from  1:62,500  to  1:5,000,000  or 
more. 


Typical  characteristics  of  small  scale  maps  are;  (a)  they  show 
largo  land  areas  and  (b)  they  show  a minimum  number  of  pieces  of 
information.  Most  small  scale  maps  usually  show: 

a.  the  names  and  boundaries  of  states 

b.  the  names  and  boundaries  of  counties  within  states 

c.  the  names  and  locations  of  cities 

d.  the  names  and  locations  of  rivers,  lakes  and  other  waters 

e.  two  or  three  additional  special  pieces  of  information, 

such  as:  railroads,  highways,  airfields,  and  so  forth. 

Federal,  State  and  County  civil  defense  planners  will  find  small 
scale  maps  useful  for  indicating  the  following: 

a.  the  locations  of  target  areas 

b.  the  boundaries  of  civil  defense  Regions  or  areas 

c.  The  mutual  aid  and  mobile  support  boundaries  and  areas 

d.  the  locations  of  fixed  support  facilities 

e.  the  boxmdaries  of  fallout  areas 

f.  the  boundaries  of  areas  to  be  evacuated 

g.  the  evacuation  route  patterns 

h.  the  boundaries  of  reception  areas  and  locations  of  reception 
facilities 

i.  the  locations  of  specific  critical  features,  such  as:  key 

facilities,  bridges,  communications  facilities,  and  so  forth. 

Small  scale  maps  can  be  utilized  by  local  civil  defense  planners 
for  indicating  the  following: 

a.  the  relative  location  of  their  community  in  relation  to 
target  areas 

b.  the  location  of  their  community  in  relation  to  a probable 
pattern  of  attack 

c.  the  boundaries  of  mutual  aid  and  mobile  support  areas  for 
their  community 
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d.  the  fixed  support  facilities  for  their  comnunity 

e.  the  boundaries  of  fallout  areas  for  their  ccammmity 

f • the  boundaries  of  areas  into  i^ich  their  population  would 
be  evacuated 

g,  the  evacuation  route  patterns 

h,  the  locations  of  reception  facilities. 

Maps  showing  the  details  of  a block,  a section  of  a city  or  a 
city  and  its  urban  fringe  areas  are  examples  of  large  scale  maps. 
The  scales  of  large  scale  maps  vary  according  to  the  area  covered 
on  the  map.  A block  map  may  have  a scale  of  one  inch  equals  100 
feet,  or  1:1,200  inches.  (See  Map  Making  For  Wardens,  Warden 
Tredning  Bulletin  Number  9,  October  1952,  page  3)  A map  showing 
a section  of  a city,  such  as  Sanborn  maps,  may  have  scales  1:600 
inches  or  one  inch  equals  50  feet.  A map  for  a city  and  its  urban 
fringe  areas  may  have  a scale  ranging  from  1:11,520  inches  to 
1:50,000  inches. 

Typical  characteristics  of  large  scale  maps  are:  (a)  they 

show  small  land  areas  and  (b)  they  show  a great  number  of  pieces 
of  information.  City  block  maps  may  show  as  many  as  35  different 
pieces  of  information.  Sanborn  maps,  vrtiich  usually  show  a section 
of  a city,  also  show  as  many  as,  and  sometimes  more  than,  35 
pieces  of  information.  City  maps  usually  show  the  following  types 
of  information: 

a.  the  corporate  boundaries  of  the  city 

b.  the  limits  of  the  urban  fringe  areas 

c.  the  street  pattern 

d.  the  blocks  and  their  names 

e.  the  rivers  and  lakes  and  their  names 

f.  the  parks  and  their  names 

g.  the  railroads,  their  facilities  and  names 

h.  the  airports 

i.  the  cemeteries 

J.  the  recreational  ajTeas  - golf  courses,  country  clubs 

k.  the  theaters 

l.  the  hotels 

m.  the  clubs 

n.  the  air  line  offices 

o.  the  bus  lines  - depots  and  routes 

p.  city  offices 

q.  state  offices 

r.  federal  offices 

s . chxirches 

t.  schools 

u.  hospitals 

V.  house  munbering  scheme 

w.  postal  zones  boundaries. 


Each  Individual  different  piece  of  Information  on  a city  map 
Is  not  always  graphically  depicted.  In  some  Instances,  a city  map 
will  show  a listing  of  churches,  hospitals,  schools,  and  so  forth. 
Where  a map  does  show  a listing,  the  actual  location  of  each  facility 
can  easily  be  spotted  on  the  map. 

Federal,  State  and  County  civil  defense  planners  will  find 
large  scale  maps  of  limited  value  In  their  planning  tasks.  Where 
a County,  State  or  Federal  planner  desires  to  determine  the  Impact 
of  an  atomic  attack  upon  a specific  coomunlty,  then  the  large  scale 
map  will  be  found  very  useful. 

Large  scale  maps  can  be  utilized  by  local  civil  defense  planners 
for  the  following  planning  purposes: 

a.  To  graphically  Indicate  the  resources  and  hazards  In  a city 
block  (Warden  Block  Maps) 

b.  To  graphically  depict  an  analysis  of  an  urban  area  (civil 
defense  urban  analysis) 

c.  to  Indicate  the  organization  of  the  ground  (web  defense) 

d.  To  graphically  depict  the  scheme  of  action  to  be  followed 
during  an  emergency  (operational  maps  should  be  prepared 
by  each  Service) 

e.  to  Indicate  the  areas  to  be  evacuated 

f.  to  Indicate  the  evacuation  route  pattern 

g.  to  graphically  depict  the  boundaries  of  civil  defense  areas. 
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MAP  SCAIZS 


A map  is  a proportional  representation  of  a portion  of  the  earth's 
surface  and  its  pattern*  This  proportion  is  called  a scale*  In  an 
ordinary  picture,  the  scale  is  usually  cbvious  since  the  picture  is 
not  Tery  much  smaller  or  larger  than  its  object*  A map,  however,  is 
many  thousand  or  million  times  smaller  than  the  corresponding  part  of 
the  earth's  surface*  This  relationship,  being  beyond  recognition, 
therefore  must  be  stated  on  the  map  in  the  form  of  a scale*  The  scale 
indicates  the  relation  between  distance  on  the  map  and  actual  distance 
on  the  ground. 

Scales,  on  maps,  are  usually  represented  in  one  of  three  different 
waysj 

a*  Fractional  Scale  - The  prcqjortion  between  the  length  of  a 
line  on  the  map  and  the  corresponding  length  on  the 
earth's  surface  is  given  in  the  form  of  a fraction* 
Example: 

1 

Scale:  ^50,000  or  1:2^0,000 

b*  Verbal  Scale  - An  inch  on  the  map  is  indicated  to  corre- 
spond to  a certain  number  of  miles*  This  form  is  usually 
found  on  topographic  sheets*  Example: 

Scale:  1 inch  to  U miles 

(Not:  1 inch  - U miles) 

c*  Graphic  Scale  - The  mileage  is  indicated  on  the  map  in 
the  fom  of  a graduated  line  or  ruler*  A graphic  scale 
remains  true  even  after  the  map  has  been  reproduced  by 
photographic  process. 

Scale:  ? i < , miles 


Scale: 


1 


0 

■1.JL  1 i ■ 


1 

_L 


2 


3 k 

J L. 


miles 
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On  sojae  maps,  an  extension  on  the  left  end  of  the  bar  or  graphic 
scale  is  divided  into  tenths.  Extensions  enable  one  to  measure  dis- 
tances more  accurately;  however,  on  small  scale  maps,  they  give  a 
false  impression  that  any  distance  on  the  map  can  be  measured  exact- 
ly, No  map  can  be  true  to  scale  in  every  part  or  in  every  direction. 
On  large  scale  maps,  the  distortion  of  the  scale  is  usually  small;  on 
small-scale  maps,  such  as  those  for  countries  or  continents,  the 
given  scale  may  often  be  quite  wrong,  especially  in  the  comers  of 
the  map. 

Method  of  Dividing  a Graphic  Scale  into  Equal  Parts 

A method  of  dividing  a graphic  scale  into  ten  equal  parts  is  as 
follows I 


Problems  To  divide  line  AB  into  10  equal  parts. 


Solutiont 


(a)  Draw  line  AT  at  an  agle  from  A, 

(b)  On  lir»  AT,  measure  off  10  equally  spaced 
divisions,  so  that  line  AT  is  not  much 
longer  or  shorter  than  line  AB, 

(c)  Then,  draw  a line  between  B and  10, 

(d)  Parallels  to  B-10  will  divide  line  AB  into 
10  equal  parts. 


This  same  principle  may  be  applied  in  dividing  a graphic  scale  to 
any  number  of  divisions. 


Method  of  Transforming  One  Type  of  Scale  to  Another  Type  of  Scale 

To  transform  one  type  of  scale  into  another  type,  it  is  necessary 
to  know  the  following i 


distance  on  map 

a.  Scale  - ddstance  in  nature  or  on  ground 

b,  1 mile  equals  63,360  inches 


Three  examples  of  transforming  a scale  are: 


a.  Problem:  Given  the  fractional  scale  - 1:250,000,  find 

the  inch-to-mile  scale. 


Solution: 


(a)  One  inch  on  the  map  corresponds  to 
250,000  Inches  on  the  ground. 

(b)  Since  there  are  63,360  inches  in  one 
mile,  divide  250,000  inches  by  63,360 
inches  or  250.000  which  will  give 

63,360 

3.95,  or  approximately  4 miles. 

(c)  Thus,  one  inch  on  the  map  corresponds  to 
approximately  4 miles  on  the  ground. 


b.  Problem:  Given  a graphic  scale  (see  illustration  below), 

find  the  fractional  scale 

Given  graphic  scale  9 ^ ^9  miles 


Solution:  (a)  With  a ruler,  measure  off  one  inch  and 

determine  the  miles  it  represents,  (In 
the  illustration,  one  inch  represents  5.5 
miles) 

(b)  Multiply  5.5  miles  by  63,360  inches  which 
equals  348,480  inches. 

(c)  The  numerical  scale,  therefore,  is  1:348,480 
or  1 

348,480 


c.  Problem:  Given  the  verbal  scale,  such  as  one  inch  corresponds 

to  16  miles,  draw  the  graphic  scale  and  determine 
the  numerical  scale. 


Solution;  (a)  To  draw  the  graphic  scale,  obtain  a ruler 

and  measure  off  one  inch.  This  corresponds 
to  16  miles. 

(b)  To  determine  the  numerical  scale,  multiply 

16  miles  by  63,360  Inches  which  equals  1,013,760 
Inches.  Thus,  the  numerical  scale  is  1:1,013,760 
or  1 

1,013,760 


If  a map  has  no  scale,  the  following  procedure  may  be  used  to 
determine  its  scale: 

a.  Measure  the  distance  of  1 degree  in  the  center  of  the  map  or 
preferably  on  a straight  meridian  to  determin  its  length  in 
inches. 

b.  Since  1 degree  of  latitude  equals  on  the  average  69  miles, 
divide  69  miles  by  the  Inches  obtained  to  determine  how 
many  miles  one  inch  on  the  map  corresponds  to  miles. 
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c.  Multiply  the  inch-to-mile  figure  obtained  by  63,360  inches 
to  determine  the  numerical  scale. 

Example » Assume  1 degree  of  latitude  on  a map  is  2.3  inches 


long.  The  scale,  therefore,  will  be  111, 900, 800. 
(Since  2.3  inches  on  the  map  is  69  miles,  then  by 
dividing  69  miles  by  2.3  inches  we  find  one  inch 
corresponds  to  30  miles.  We  then  multiply  30  miles 
bb  63,360  inches  and  obtain  1,900,800  inches. 

There,  the  numerical  scale  is  li 1,900,800  or 


The  following  tables  will  be  found  useful  in  solving  map  scaling 
problems. 


DERIVATION  OF  MATHEMATICAL  DATA 
One  Inch  on  Mapi 

To  obtain  Inches  divide  inches  by  1 inch. 

To  obtain  feet  divide  inches  by  12  inches. 

To  obtain  yards  divide  inches  by  36  inches. 

To  obtain  meters  divide  inches  by  39*37  inches. 
To  obtain  miles  divide  inches  by  63,360  inches. 

One  Centimeter  on  Mapi 

To  obtain  inches  divide  inches  by  2»$k0  inches. 
To  obtain  feet  ctivide  inches  by  3O.I487  inches. 
To  obtain  yards  divide  inches  by  91*57^  inches. 
To  obtain  me^rs  divide  inches  by  100  inches. 

To  obtain  miles  divide  inches  by  156,2$0  inches. 


CONVERSION  FACTOR  TABLE 


Multiply 


To  Obtain 
feet 
inches 
centimeters 
meters 
centimeters 
feet 

centimeters 

feet 

inches 

yards 

feet 

inches 


centimeters 

centimeters 


.3937 

30.U8 

.30U3 

2.^1i0 

.08333 

100 

3.281 

39.37 

1.09U 

5280 

63,360 

1760 

3 


feet 

feet 

inches 

inches 

meters 

meters 

meters 

meters 

miles 

miles 

miles 

yards 

yards 

yards 


yards 

feet 

inches 

meters 
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MAP  DISTANCE  EQUIVALENCE  TABLE 


Distance 

Map 

Ground 

Distance 

1 

1 

^ojw 

1 

1 

100,000 

2^,000 

737^ 

1 

One 

Inch  = 

Inches 

2^,000 

50,000 

75,000 

100,000 

Feet 

2,083 

lt,l67 

6.250 

Kjst 

Yards 

08T 

2,083 

2V!W 

Meters 

635 

1.270 

1.905 

Miles 

.1; 

.8 

1.2 

1.6 

One 

Centi- 
meter  - 

Inches 

9.8U3 

19.685 

29,528 

39,370 

Feet 

820 

1.6U0 

2.U60 

3.281 

Yards 

273 

5U7 

820 

iTW 

Meters 

250 

IW 

1,000 

Miles 

.16 

.3 

,5 

.6 

Dis  tance 
Map 

Ground 

Distance 

1 

1 

1 

1 

200,000 

250,000 

500,000 

1,000,000 

One 

Inch  = 

Inches 

200,000 

250,000 

500,000 

1,000,000 

Feet 

16,667 

20,833 

iti.667 

83,333 

Yards 

5.555 

6,9UU 

13,888 

27,776 

Meters 

5,080 

57W 

12,700 

25,h00“ 

Miles 

3.2 

u 

8 

16 

One 

Centi- 
meter  - 

Inches 

78.7UO 

98,U25 

196,850 

393.700 

Feet 

6,562 

8,202 

l6,hdU 

32,808“ 

Yards 

5T73r 

10.936 

Meters 

2,000 

f755o" 

5.000 

10.000 

■"Miles'  ■ 

1.2 

1.5 

3 

6 

L 
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MAP  PROJECTIONS 


Since  the  government  maps,  recommended  by  OCDM  for  use  for 
civil  defense  planning,  en^^loy  the  Polyconic,  Transverse  Mercator 
and  Lambert  Conformal  Conic  projections,  questions  may  arise  among 
users  conceining  these  projections.  The  questions  may  pertain  to: 

1.  The  basic  properties  of  the  several  projections. 

2.  The  legitimacy  of  combining,  in  a single  map,  data 
based  on  more  than  one  projection. 

3.  The  ease  of  matching  adjoining  sheets  (quadrangles)  to 
form  a map  of  a larger  area. 

In  this  chapter,  therefore,  an  attempt  will  be  made  to  clarify 
the  relationship  between  the  projections  and  answer  some  of  the 
questions  that  may  arise. 

It  is  impossible  to  represent  a portion  of  a spherical  surface 
on  a plane  sheet  without  some  distortion.  Many  types  of  projections, 
therefore,  have  been  devised  for  mapping  the  earth’s  surface  and  at 
the  same  time  keeping  the  resulting  distortion  within  permissible 
limits.  Each  projection  has  its  own  advantages  and  disadvantages. 

No  one  system  is  superior  to  all  others  in  every  resp>ect.  The  choice 
of  projection  for  a parbictilar  map  depends  on  (l)  the  size,  shape 
and  location  of  the  area  to  be  mapped,  (2)  the  scale  of  the  proposed 
map  and  (3)  the  use  to  which  it  is  to  be  put.  For  a small  area, 
many  projections  are  available  in  which  the  distortion  can  be  kept 
within  such  small  limits  that  it  is  impossible  to  distinguish  between 
them.  As  the  area  to  be  mapped  increases  in  size,  the  distortions 
inherent  in  the  various  projections  become  increasingly  significant. 
It  is  then  necessary  to  choose  a projection  which  will  best  suit 
the  particular  need.  When  the  area  is  too  large  to  be  represented 
conveniently  on  a single  sheet  at  the  map  scale  selected,  it  must  be 
divided  into  smaller  areas.  The  projection,  then,  must  be  such  as 
to  permit  the  Joining  of  adjacent  sheets  so  that  corresponding  edge 
details  will  match  properly. 

Three  projections  will  bo  discussed: 

1.  The  Polyconic  projection  - used  for  the  United  States 
Geological  Survey  quadrangles;  Scale  - 1:125, CXX); 
1:62,500  and  1:24,000  or  31,680. 

2.  The  Transverse  Mercator  - used  for  the  Army  Map  Service 
and  quadrangles;  (Scales  1:250,000;  1:100,000; 

1:50,000;  1:25,000)  and  the  United  States  Geological 
Survey  1:250,000  scale  quadrangle  sheets. 

3.  Lambert  Conformal  Conic  - used  for  the  Army  Map  Service 
and  United  States  Geological  Survey  sheets  - scale 
1:500,000. 
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Polyconlc  Projection 


The  polyconic  projection  has  been  generally  accepted  as  the 
best  for  a small  regular  shaped  area  such  as  shown  on  a United  States 
Geological  Survey  Quadrangle  - scale  1:125,000;  162,500;  12U,000  or 
1: 31,^0.  In  this  projection,  the  earth’s  surface  is  projected  onto 
an  infinite  number  of  cones,  each  tangent  to  the  ellipsoid  at  its 
own  parallel  of  latitude.  The  developed  parallels,  therefore,  are 
true  circles,  each  of  a different  radius,  and  each  centered  at  a 
different  point  on  the  extension  of  the  central  meridian  of  the  pro- 
jection. The  central  meridian  is  a straight  line;  all  other  meridians 
are  slightly  concave  toward  it.  Scale  is  true  along  the  central 
meridian  and  along  each  parallel  of  latitude;  at  all  other  points, 
and  in  other  directions,  the  scale  is  slightly  exaggerated.  Although 
the  polyconic  projection  does  not  comply  strictly  with  most  of  the 
desirable  specifications  for  a map  projection,  that  is  it  is  not 
conformal,  the  scale  is  not  uniform,  the  shapes  and  areas  are  not 
retained  exactly,  it  nevertheless  cones  closer  to  compliance  with  more 
of  these  specifications  than  any  other  available  projection.  The 
distortions  are  kept  to  a minimum  in  all  parts  of  the  map  sheet,  and 
for  small  areas,  the  earth’s  surface  may  be  represented  with  a greater 
fidelity  on  this  projection  than  on  any  of  the  others.  On  a United 
States  Geological  Survey  quadrangle  sheet,  the  distortions  are  so 
small  that  it  is  impossible  to  plot  or  measiire  them  at  map  scale. 

Thus,  for  practical  purposes,  a single  United  States  Geological  Survey 
quadrangle  may  be  considered  a true  portrayal  of  that  portion  of  the 
earth’s  surface. 

Mercator  and  Transverse  Mercator  Projections 

The  Mercator  is  a cylindrical  type  projection  which  is  mathe- 
matically derived.  The  meridians  appear  as  vertical  straight  lines 
which  are  equidistant  and  parallel.  The  parallels  of  latitude  appear 
as  horizontal  straight  lines  which  are  parallel  to  one  another  and 
perpendicular  to  the  meridians.  Their  distance  apart  increases  with 
an  increase  in  latitude. 

On  the  earth,  meridians  converge  toward  the  poles;  yet,  on  the 
Mercator  Chart,  they  appear  as  parallel.  On  the  chart,  therefore, 
the  east-west  scale  is  increased  so  that  it  is  twice  as  great  at  the 
6CP  parallel  as  it  is  at  the  equator.  Consequently,  the  parallels 
must  be  spaced  in  such  a manner  on  the  chart  that  the  north-south 
scale  increases  in  the  same  proportion.  Thus,  parallels  which  are 
the  same  distance  apart  everywhere  on  the  earth;  are  shown  twice  as 
far  apart  at  60°  as  at  the  equator.  Their  distance  apart  increases 
progressively  with  their  distance  from  the  equator.  As  a result, 
the  scale  at  any  point  is  constant  in  all  directions. 
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The  meridians  and  parallels  are  shown  as  intersecting  at  right 
angles  on  the  chart  just  as  on  the  earth.  Likewise,  all  other  angles 
are  correctly  shown.  This  means  that  shapes  are  correctly  shown 
within  wnall  areas,  though  the  expanding  scale  causes  distortion  of 
shape  over  large  areas. 

Since  scale  is  unifom  in  all  directions  at  any  point,  and  since 
angles  are  correctly  shown,  the  Mercator  projection  is  conformal. 
Every  rhumb  line  appears  as  a straight  line,  and  every  straight  line 
is  constant  in  direction. 

The  equator  and  the  meridians  are  the  only  great  circles  which 
appear  as  straight  lines;  all  other  great  circles  appear  as  curved 
lines. 


For  the  Transverse  Mercator  projection,  picttire  a portion  of  the 
earth’s  surface  projected  onto  the  developed  surface  of  a tangent 
cylinder  with  its  axis  in  the  plane  of  the  equator  (See  Figure  4), 
so  that  the  line  of  tangency  is  the  central  meridian  of  the  area. 

Then,  reduce  the  scale  of  projection  sli^tly  so  that  it  will  be  too 
small  in  the  region  of  the  central  meridian.  The  scale  will  then 
be  exact  along  two  lines  parallel  to  the  central  meridian  and  spaced 
symmetrically  on  both  aides  of  it.  In  the  entire  region  between 
these  two  parallel  lines,  the  scale  will  be  too  small;  in  the  region 
beyond  them,  it  id.ll  be  too  great.  The  mapped  area  may  be  extended 
without  limit  in  the  north-south  direction,  but  is  restricted  to 
narrow  limits  in  the  east-west  direction.  Scale  distortions  increase 
rapidly  as  the  distance  increases  beyond  these  parallel  lines.  The 
transverse  mercator  projection  is  limited  to  relatively  narrow 
north- south  bands. 

Lambert  and  Lambert  Confonnal  Conic  Projection 

The  Lambert  projection  portrays  a portion  of  the  earth’s  surface 
on  the  developed  surface  of  secant  cone.  Along  the  two  parallels 
of  latitude  at  which  the  cone  cuts  the  spheroid,  the  scale  is  exact. 

In  the  area  between  these  parallels,  the  map  sc^e  will  be  too  small, 
and  in  the  area  outside  these  parallels,  it  will  be  too  great.  The 
mapped  area  may  be  extended  without  limit  in  the  east-west  direction, 
but  is  restricted  within  narrow  limits  in  the  north-south  direction. 
Scale  distortions  increase  rapidly  as  the  distance  increases  beyond 
the  two  standard  p2Lrallels.  The  use  of  this  projection,  therefore, 
is  limited  to  relatively  narrow  east-west  bands.  Principal  advantages 
of  this  projection  are:  (l)  scale  distortions  are  systematic  and 

can  be  predetermined  (2)  a map  sheet  of  any  portion  of  a zone  can  be 
matched  perfectly  with  an  adjoining  sheet  in  the  same  zone.  A map 
of  one  zone,  however,  cannot  be  matched  with  a map  of  an  adjoining 
zone. 
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The  Lambert  Conformal  Conic  is  a conical  type  projection  in  which 
all  meridians  are  straight  lines  meeting  at  a common  point  beyond 
the  poles,  and  all  parallels  axe  concentric  circles  whose  center  is 
the  point  of  intersection  of  the  meridians.  Meridians  and  parallels 
intersect  at  right  angles  and  the  angles  formed  by  any  two  lines  on 
the  earth’s  surface  are  correctly  represented  on  this  projection. 

It  employs  a cone  intersecting  the  spheroid  at  two  pai*allels 
known  as  the  standard  parallels  for  the  area  to  be  represented.  In 
general,  for  equal  distribution  of  scale  error,  the  standard  parallels 
are  chosen  at  one-sixth  and  five-sixths  of  the  total  length  of  that 
portion  of  the  central  meridian  to  be  represented.  It  may  be  advisable 
in  some  localities,  or  for  special  reasons,  to  bring  them  closer 
together  for  greater  accuracy  in  the  center  of  the  chart  at  the  expense 
of  the  upper  and  lower  border  areas. 

On  the  two  selected  parallels,  arcs  of  longitude  are  represented 
in  true  scale.  Between  these  parallels  the  scale  will  be  too  small 
and  beyond  them  too  largo.  The  projection  is  especially  suited  for 
charts  of  dominantly  east-west  dimension. 

Fotir  degree  bands  are  now  in  use,  placing  the  standard  parallels 
2*40*  apart.  This  gives  a maxi  mum  scale  change  of  .03  per  cent  too 
«ma.n  between  standard  parallels,  and  .07  per  cent  too  large  at 
1*10’  beyond  either  parallel.  The  older  method  using  as  standard 
parallels  7*-20*,  33*-45*,  and  55*-65*,  has  a scale  change  of  .5B 
per  cent  between  standard  parallels.  Some  standard  series  charts 
still  exist  on  those  old  standard  parallels  but  rapid  conversion  is 
in  effect. 

Some  standard  series  charts,  falling  in  the  bauds  from  0®  to 
4®  north  and  0®  to  4®  south,  were  produced  on  the  Mercator  Projection. 
This  condition  is  also  being  rectified  to  the  new  system  of  standard 
parallels  to  effect  a better  match  between  charts  along  the  4* 
parallels,  sacxdficing  the  match  along  the  equator. 

Comparison  of  Projections 

The  Lambert  amd  Transverse  Mercator  projections  are  employed  by 
the  United  States  Geological  Survey  and  the  Army  Map  Service  because: 
(l)  of  their  mathematical  simplicity  (2)  the  scale  factor  at  any 
point  can  be  readily  determined  and  (3)  the  limiting  scale  factor 
can  be  controlled  by  proper  choice  of  zone  width.  On  either  of  these 
systems,  there  is  a unique  relationship  between  grid  coordinates  and 
geographic  coordinates,  and  the  interchange  between  coordinates  is 
relatively  easy.  Both  projections  are  conformal.  A polyconic  pro- 
jection for  a single  quadrangle  map  of  1 degree  extent,  or  less,  con- 
tains so  little  distortion  that  it  may  be  considered  a true 
representation  of  the  earth’s  surface. 
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Contents  of  Maps 


To  civil  defense  planners,  the  most  significant  element  of  a 
map  is  its  content.  The  purpose  and  use  to  which  a map  is  put  will 
depend  to  a large  extent  upon  the  content  of  a map.  For  example, 
if  a civil  defense  planner  desires  to  estimate  the  possible  extent 
of  fire  damage  that  may  resxilt  to  a community  fr<»n  an  atomic  attack, 
it  is  essential  the  content  of  the  map  show  the  building  density 
or  fire  susceptibility  of  the  area  being  analyzed.  A map  shovrlng 
this  information  can  assist  a planner  in  determining  the  probability 
of  fire  storm  and  conflagration  areas. 

Because  individuals  too  often  mistake  the  symbols  as  well  as 
the  types  of  descriptions  shown  for  a subject  matter  on  a map  for 
its  content,  it  is  advisable,  before  classifying  maps  according  to 
content,  to  e:q)lain  the  differences  between  these  three.  The  con- 
tent of  a map  consists  of  the  subject  matters  presented.  The  as- 
pects of  the  individual  subject  matters  presented,  such  as  the  lo- 
cations, shapes  and  sizes  of  areas  of  cities,  are  the  types  of 
descriptions.  The  graphic  devices  employed  to  visualize  the  types 
of  descriptions  are  the  symbols.  The  pictorial  or  gecmetrical  de- 
signs — line,  circle,  dot  and  so  forth  — are  graphic  symbols; 
what  they  represent  sire  the  types  of  descriptions  concerning  the 
subject  depicted. 

The  types  of  descriptions  shown  for  a subject  matter  depend 
on  the  scale  of  the  map  and  intent  or  purpose  of  a map.  Scmie  maps 
are  abstracted  and  conventionalized  to  such  a degree  that  only  a 
single  aspect  of  a subject  matter  is  shown,  as  for  instance,  in  a 
rainfall  map . 

The  graphic  devices  employed  depend  on  the  scale  of  the  map 
and  the  types  of  descriptions  concerning  the  subject  matters  de- 
picted. For  example,  on  small  scale  maps,  cities  are  usually 
shown  by  circles;  on  large  scale  maps,  by  their  outlines.  Although 
the  locations  of  cities  are  shown  on  both  the  large  and  small  scale 
maps,  only  on  the  large  scale  maps  are  the  outlines  also  depicted. 

Because  a map  tells  a story  simply  and  effectively,  cartogra- 
phers have  developed  techniques  to  show  on  a map  the  different  types 
of  descriptions  for  subject  matters  which  pertain  to  what  is  imder, 
on  or  over  the  surface  of  the  earth.  Maps,  therefore,  can  be  classi- 
fied according  to  the  subject  matters  they  show  for  under,  on  or 
over  the  surface  of  the  earth. 
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a.  Maps  showing  subject  matters  under  the  surface  - 

(1)  Sub-surface  - geological  maps  which  show  the  areal 
and  structural  geology  — the  science  which  treats 
of  the  history  of  the  earth  and  its  life,  especially 
as  recorded  in  rocks. 

(2)  Bathometry  - oceanographic  maps  which  show  depths 
by  use  of  isobaths,  tides,  currents  and  so  forth  of 
waters • 

b.  Maps  showing  subject  matter  on  the  surface  - 

(1)  Maps  showing  different  types  of  descriptions  for 
relief,  land  water,  vegetation  and  culture. 

c.  Maps  showing  subjects  above  the  surface  - 

(l)  Maps  showing  different  types  of  descriptions  pertain- 
ing to  weather  and  astronomy. 

Maps  Showing  Sub-Surface  Subject  Matter 

A description  and  explaination  of  the  techniques  employed  to 
depict  oceanographic  and  geological  conditions  are  not  furnished 
in  this  document  since  untrained  people  will  find  the  reading  of 
these  maps  difficult.  Where  civil  defense  planners  consider  these 
subjects  may  have  an  important  bearing  on  their  planning,  they  should 
obtain  the  services  of  specialists  to  analyze  the  information  avail- 
able and  interpret  their  significance  to  civil  defense. 

Maps  Showing  Subject  Matter  on  the  Surface 

a.  Maps  showing  hydrography  or  water  features  usually 

show  only  the  location,  outline  and  size  of  water  bodies 
such  as:  rivers,  canals,  dams,  reservoirs,  shore  lines, 

lakes,  streams,  falls,  rapids,  swamps,  and  marshes. 
Specialized  maps  may  show  depths,  currents,  temperature 
and  so  forth. 

b.  Maps  showing  hypsography  or  relief  features  show  only 

the  sxxrface  configurations,  such  as:  elevations,  cliffs, 

sand  dunes  and  a few  others.  Specialized  maps  may  show 
the  types  of  soil,  erosion  or  slope  of  the  land. 

c.  Maps  showing  vegetation  and  agriculture  - vegetation  maps 

usually  show  only  the  natural  vegetation  of  an  area; 
agricultural  maps  usually  show  the  types  of  human  cultiva- 
tions, that  is,  the  crops.  In  addition,  specialized 
agricultural  maps  may  show  many  other  related  important 
items  such  as:  value  of  farm  equipment,  number  of  trucks, 

number  of  horses,  farm  tenancy,  farm  mortgages,  value  of 
farm  property,  average  drained  land,  marginal  lands  and 
many  others. 
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d.  Maps  showing  the  cultural  or  man-made  features  - Many 
maps  contain  little  more  than  cultural  features.  The 
following  list,  showing  types  of  maps  available,  indicates 
the  different  types  of  culture  shown  on  maps; 

(1)  Locations  Maps  - A location  map  shows  not  only  the 
outlines  of  an  area  in  relation  to  larger,  generally 
known  regions,  but  also  how  the  area  fits  into  the 
main  highways  of  communication  and  how  it  is  related 
to  river  basins  and  physiographic  divisions  of  a 
larger  area. 

(2)  Political  Maps  - A political  map  shows  the  location 
of  political  areas  but  also  political  boundcuries  — 
co\mties,  townships,  cities,  states,  state  parks, 
national  forests  and  the  like.  These  maps  also  show 
the  geographical  names  and  often  also  indicate  parallels 
and  meridians.  The  elements  of  the  location  and 
political  maps  are  often  combined  into  one  map. 

(3)  Land-Utilization  Mans  - A land  utilization  map  links 
the  environmental  map  with  those  of  occupancy.  On  this 
type  of  map  is  usually  shown  the  actual  and  possible 
uses  of  the  land,  including  both  agricultural  and 
nonagricultural  (industrial,  urban,  recreational, 
mining  and  lumbering)  areas.  Specialized  maps  will 
show  the  main  types,  such  as  forest,  crop  land  and 
pasture  land  usually  in  great  detail. 

(4)  Ifineral  Products  and  Mining  Mans  - These  maps  may  show: 
(a)  The  areas  where  coal,  oil,  metals  and  other  mineral 
products  may  be  found  (b)  the  production  output  of 
mineral  products  in  a quantitative  form  (c)  the  number 
of  employees  employed  (d)  the  money  value  of  production 
which  enable  one  to  compare  the  importance  of  different 
mining  districts  (e)  the  locations  of  the  minerals 
(mines,  quarries,  etc.)  and  the  facilities  and  other 
similar  types  of  information. 

(5)  Manufacturing  Mans  - These  maps  may  show;  (a)  the 
locations  of  different  types  of  industrial  districts 
in  relation  to  raw  material,  power,  transportation  and 
surface  configuration  (b)  the  locations  of  sources  of 
raw  materials  and  flow  and  distribution  of  manufactured 
products  (c)  the  number  of  wage  earners  (d)  the 
value  of  wages  (e)  the  value  of  the  products 

(f)  value  added  by  manufacturer  and  other  related 
features. 
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(6)  Tranaportatlon  Maps  - The  foiir  forms  of  transportation 
are  air,  rail,  road  and  water,  (l)  Air  - Air-Navigation 
charts  or  airways  maps  are  either  small  or  very  large 
scale  maps  and  show  roads,  railroads,  rivers,  cities, 
landmarks  and  altitudes.  All  information  for  flying, 
airports,  radio  beacons  and  signals  are  overprinted 

in  red.  Airway  companies  produce  airway  maps  which 
indicate  to  passengers  the  routes.  (2)  Rail  - Rail- 
way maps  show  the  system  of  lines  and  sequence  of  sta- 
tions. Sometimes,  the  region  served  is  also  shown. 

(3)  Road  - These  maps  show  road  conditions,  cities, 
state  parks,  interesting  places,  elevations  and  so 
forth.  (4)  Water  - These  maps  show  routes,  ports,  and 
other  related  items  of  information. 

(7)  Recreation  Maps  - Types  of  information  shown  on  these 

maps  are:  locations  of  parks,  open  public  places, 

resorts,  beaches,  race  tracks  and  places  of  scenic  and 
historic  interest. 

(8)  Social  Conditions  Maps  - Types  of  conditions  that  may 

be  shown  are:  health  conditions,  mortality,  races, 

religions  and  Question. 

(9)  Population  Maps  - Population  maps  show  the  densities 
or  distributions  of  population- 

(10)  Air-Naval-Military  Maps  - These  maps  may  show  the 
locations  of  battlefields,  airfields,  army  camps, 
installations,  naval  stations  and  other  related  data. 

(11)  Regional  Economic  Maps  - These  maps  show  for  every 
region  the  characteristic  products  produced. 

(12)  Commodity  Movement  Maos  - These  maps  show  the 
production,  transportation,  and  marketing  of  commodi- 
ties, such  as  rubber,  oil,  cotton,  wheat  and  so  forth. 
This  is  usually  shown  by  weight  or  thickness  of  a line. 
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TYPES  OF  GRAPHIC  DESCRIPTIONS 


The  scale  and  purpose  of  a map  determine,  to  a great  extent,  the 
number  and  types  of  graphic  descriptions  indicated  on  a map.  Small 
scale  maps,  designed  to  present  a general  picture,  usiially  indicate 
a limited  nxunber  of  subject  matters  and  descriptions.  They  show  such 
subject  matters  as  civil  divisions  (states,  counties,  cities),  roads, 
rivers,  lakes,  railroads  and  such  descriptions  as  locations  and 
boundaries.  On  large  scale  maps,  such  as  city  maps,  however,  the 
number  of  subjects  and  types  of  graphic  descriptions  shown  are  many 
and  varied. 

The  following  are  some,  but  by  no  means  all,  of  the  various  types 
of  graphic  descriptions  found  on  different  kinds  of  maps. 

1.  Spatial  Position  or  Location  - The  location  of  a subject  is 

usually  shown  graphically  by  indicating  its  physical  position 
in  relation  to:  (a)  larger  areas  (b)  regions  (c)  the  main 

highways  of  communications  and  (d)  river  basins. 

2.  Shape  or  Configuration  - The  shape  of  a subject  is  usually 
shown  graphically  by  indicating  its  outlines  or  boundaries. 

3.  Size  - The  size  of  subject  is  usually  shown  graphically  by 

indicating  one  of  the  following:  (a)  the  physical  magnitude 

(b)  the  extent  of  area  (c)  the  bulk  (d)  the  character  or 
status  with  reference  to  importance  or  (e)  a conventional 
specified  measurement,  such  as,  dollar  value. 

U.  Material  - The  substance  or  parts  of  which  a subject  is  com- 
posed  is  usually  shown  graphically  by  indicating  the  one  or 
more  elements  frcm  which  the  subject  is  formed. 

5.  Length  - The  length  of  a subject  is  usually  shown  graphically 
by  indicating  the  longest  dimension  extent  from  end  to  end. 

6.  Wid th  - The  width  of  a subject  is  usually  shown  graphically 
by  indicating  the  dimension  measured  across  from  side  to 
side  or  in  a direction  at  right  angles  to  the  length. 

7.  Depth  - The  depth  of  a subject  is  usually  shown  graphically 
by  indicating  the  perpendicular  measurement  downward  from 
the  surface. 

8.  Capacity  - The  capacity  of  a subject  is  usually  shown  graph- 
ically by  indicating  one  of  the  following:  (a)  the  power 

of  receiving,  containing  or  absorbing  (b)  the  extent  of 
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room  or  space  and  (c)  the  maximum  output,  as  electric  output. 

9.  Rate  - The  rate  of  a subject  is  usually  shown  graphically  by 
indicating  one  of  the  following:  (a)  the  quantity  or  degree 

of  a thing  measured  per  unit  of  something  else,  such  as,  rate 
of  speed,  birth  rate  and  so  forth  (b)  the  amount  of  payment 
or  charge  based  on  some  other  amount,  such  as,  rate  of  pay 
per  week,  rate  of  interest  per  year  (c)  a fixed  charge  or 
price  fixed  according  to  a scale  or  standard,  such  as,  rail- 
road rates. 

10.  Time  - The  time,  or  period  set  apart  in  sotne  way,  is  usually 
shown  graphically  for  a subject  by  indicating  (a)  year  (b) 
season  of  year  (c)  month  (d)  day  of  week  (e)  day  or  night 
(f)  hour  of  day, 

11.  Distance  - Distance  is  usually  shown  graphically  for  a sub- 
ject by  indicating  the  spatial  relation  between  two  points  in 
terms  of  miles,  feet  or  meters. 

12.  Weight  - The  weight  of  a subject  is  usually  shown  graphically 
by  indLlcating  the  specified  amount  in  tems  of  dram,  grain, 
oiince,  pound,  ton  or  other  conventional  specified  measurement. 

13.  Source  - The  soiirce  of  a subject  is  usually  shown  graphically 
by  indicating  its  origin. 

Ill,  Intensity  - The  intensity  of  a subject  is  usually  shown  graph- 
ic ally  by  indicating  the  magnitude  of  energy  per  unit  of  sur- 
face, as  for  example,  the  intensity  of  radiation. 

1$,  Use  - The  use  of  a subject  is  usually  shown  graphically  by 
indli eating  its  function, 

16.  User  - The  user  of  a subject  is  usually  shown  graphically  by 
indicating  the  one  who  or  that  which  uses  the  subject, 

17.  Coverage  - Coverage  is  usually  shown  graphically  by  indicat- 
ing the  portion  of  a group  or  community  reached  by  the  par- 
ticular subject. 

10.  Motion  - Motion  is  usually  shown  graphically  for  a subject  by 
indicating  its  movement,  flow  or  change, 

19.  Process  - Process  is  usually  shown  graphically  for  a subject 
by  indicating  its  continuous  change  in  time.  If  the  process 
indicates  a tendency  in  a specified  or  implied  direction, 
then  it  is  considered  a trend. 
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20.  Direction  - The  direction  of  a subject  is  usually  shown 
graphically  by  indicating  the  line  or  course  to  which  the 
subject  is  pointing* 

21.  Variability  - The  variability  of  a subject  is  usually  shown 
graphically  by  indicating  a change  in  its  form,  position, 
state  or  quality. 

22.  Elevation  or  Altitude  - The  elevation  or  altitude  of  a sub- 
Ject  is  usually  shewn  graphically  by  indicating  its  height* 

23*  Distribut ion  - The  distribution  of  a subject  is  usually 
shown  graphically  by  indicating  the  mode  or  manner  it  is 
spread  out  over  an  area.  The  primary  purpose  of  indicating 
the  distribution  of  a subject  is  to  show  its  pattern  or 
arrangement  over  an  area  since  it  often  can  suggest  or  re- 
veal a design.  The  distribution  may  be  of  a subject  that 
covers  an  area,  such  as  a forest,  or  a subject  that  does  not 
cover  an  area.  Thus,  there  are  two  types  of  distribution* 

(a)  areal  and  (b)  non-areal.  Areal  distributions  are  of  two 
kinds:  (a)  non-quantitative  and  (b)  quantitative*  The 

three  types  of  non-quantitative  areal  distribution  are;  (a) 
simple  (b)  compound  and  (c)  doiainant* 

Simple  Areal  Distribution  - In  this  type  of  distribution, 
the  areai  distribution  of  a specific  subject  is  shown  without 
taking  into  account  the  density  of  distribution.  Examples 
are:  maps  showing  the  distribution  of  forests,  lakes,  mount- 

ains, deserts,  metropolitan  areas,  state  capitals,  cities  and 
so  forth  in  the  United  States, 

Compound  Areal  Distribution  - In  this  type  of  distribu- 
tion,  the  areal  distribution  of  a specific  subject  is  shown 
as  it  is  divided  according  to  the  various  types  of  subdivi- 
sions, Examples  are:  maps  showing  the  distribution  of  land 

use,  soil,  geology,  building  density,  building  construction 
and  building  heights. 

Dominant  Areal  Distribubion  - In  this  type  of  distri- 
bution,  the  areal  distribution  of  only  the  dominant  type  of 
a mixed  subject  is  shown.  Examples  are:  maps  showing 

vegetation,  language,  religion  and  so  forth. 

Quantitative  areal  distributions  show  the  variation  in 
the  valxie,  amount  or  density  of  a subject* 

2ii*  Identification  - The  identity  of  a subject  is  usmlly  shown 
graphically  by  indicating  its  name* 

25.  Density  - The  density  of  a subject  is  usually  shown  graph- 

ically  by  indicating  the  quantity  per  unit  of  volume  or  area* 
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TECHNIQUES  OF  GRAPHIC  PHESEIiTATION 


A graphic  presentation  is  the  employment  of  visual  devices  to 
delineate  information  clearly  and  vividly.  On  maps,  the  canmon 
vis\ial  devices  used  arei  (a)  drawings  or  sketches  (b)  symbols  (c) 
lines  (d)  signs  (e)  pictograms  (f)  diagrams  (g)  numerals  (h) 
letters  (i)  color.  Factors  influencing  the  employment  of  a par- 
ticular visual  device  arej  (a)  the  scale  of  the  map  (b)  the  subject 
(c)  the  type  of  description  (d)  the  method  of  reproduction  (e)  the 
type  of  map  — planimetric,  hypsometric,  topographic,  air  mosaic. 
Since  a knowledge  of  the  techniques  of  graphic  presentation  — the 
procedure  essential  to  expertness  of  application  of  these  devices  — 
will  enhance  an  individual's  understanding  and  ability  to  read  maps, 
a description  and  discussion  of  each  visual  device  is  included  in 
this  section. 

Drawing  or  Sketch  — In  a drawing  or  sketch,  a subject  is  repre- 
sented  by  indicating  an  outline  of  its  chief  features.  This  device 
is  usually  employed  on  economic  maps  where  figurettes  are  used  to 
show  quantities  broken  up  into  countable  units,  Exanqjles  of  figur- 
ettes found  on  maps  arei  telephones,  automobiles,  persons,  animals, 
ships,  buildings  and  so  forth.  Drawings  and  sketches  are  used  on 
pictorial  typos  of  maps.  On  these  maps,  the  outlines  of  the  land 
forms  only  the  background  for  the  pictures.  Examples  of  types  of 
figurettes  employed  on  maps  arei 


B-23 


Sobols  - A symbol  is  a graphic  device  which  suggests  something 
else  by  reason  of  relationship,  association,  or  convention.  It  is  a 
conventional  device  used  instead  of  a word  or  words  to  represent  sub- 
jects and  types  of  graphic  descriptions.  Most  map  symbols  look  some- 
thing like  the  actual  thing  they  stand  for.  A good  symbol  is  one 
which  can  be  recognized  without  a legend.  Most  symbols  are  either 
reminiscent  of  the  features  they  represent  or  have  been  sanctioned  by 
centiiries  of  use.  The  following  show  some  common  symbols  found  on 
mapst 


n 

SCENIC 

SITE 


FAIRGROUND 

OR 

RACE  TRACK 


■ 

□ 

farm 

UlUlT 

IN 

NOT 

U^B 

a izi 

DWELLllslOjS 

(OTHei?-TH<W»-FA0^ 
IN  MO 

USE  .1] 


t±l 

CHURCH 

OR 

OTHER  REU<i«o5 
institution 

1 tnda  1 

aiA 

DVi/ELLINSS 

CLOSELV 

SPACED 

COM6)WEO 

DlVtLUNO 

BUSINESS 

HOTEL 

OR 

INN 

ii|~b 

1 

r-£-n 

h 

hospital 

1 i 

t 1 

cemete  rv 

L J 

Church 

WITH  CtMETERV 
ADTACCNT 

STORE 

OR 

Small 
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(vhIME  SHAFT 

DRIFT  OR 
QUARRY  , 

s 

NURSERY 

' • « ■ 

««  « 

• 

JIL 

SCHOOLHOUSE 

Post  office 

§ 

°°o° 
o °o 

••••• 

A 

windmill 

OIL  AND 
GAS  WELLS 

TANKS  AND 
OIL  RESERViOR 

bath  INC  Beach 
pool 

Signs  — A sign  is  a publicly  displayed  notice  identifying  soma- 
thing  by  name.  Signs  are  frequently  used  on  road  maps.  Often,  the 
route  number  is  shown  within  the  sign.  Examples  of  types  of  signs 
used  on  maps  aret 


© 

us. 

NUM6EAEP 

highway 

STATE 

NUMSEReO 

highway 

0 

STATE 

lettcrco 

HIGHWAY 

Designs  — On  maps,  designs  consist  of  patterns.  Patterns  are 
used  to  delineate  subject  natter  which  is  spread  over  areas.  Ex- 
amples of  types  of  designs  found  on  maps  arei 


CROPS - 
MAY 


C>  0 b I 

Lg  Q Q O I 


Bare  rock 


land  Use- 
Residcntial 

AREA 


mm 

CRoPs- 

grain 

CROPS- 

CulTIvAtheo 

Summer 

FALLOW 

CROPS- 
truck  AMD 
Small  fruit 

^ A 

MARSH 

LAND  U5£- 

INOUSTRIAL 

AREA 

land  Use- 

Commercial 

A«e» 
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Lines  — Lines  are  employed  on  maps  for  delineatingi  (a)  out- 
lines  of  metropolitan  areas  or  large  cities  (b)  boundaries  (states, 
counties,  minor  civil  divisions,  lakes,  parks,  cemeteries  and  so 
forth)  (c)  roads  (d)  rivers  (e)  railroads  (f)  tunnels  (g) 
bridges  (h)  elevations  (contour  lines)  (i)  traffic  patterns  and 
other  related  subjects.  Examples  of  types  of  lines  employed  on  maps 
are} 


BOUNDARIES 


ROADS 


PAVED  ^OAD 

Poor  Poe’uc 
oR 

PRWATG  Road 

Trail 

Soil 

Surfaced 

OUTLINE  OF  AREAS 


t III 

SikJGle  Track 
RAilRoAO 

tttlTIIIIII 

Double  track 
railroad 

1 1 1 ' 

KJARRow  GAOE 
Railroad 

INTERMlTrewT 
S TReAMi 
AMD 

Dircwes 

yf^ 

bridges 

Streams 

CONTOUR 

LINES 

TCLEpHOtje 

LIMES 
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Pictograms  — Pictograms  are  used  on  maps  to  compare  quantities 
and  to  represent  statistical  facts.  Examples  of  types  of  pictograms 
found  on  maps  arei 


□ 

SQUARE 


Numerals  — A numeral  is  a figure  or  character  used  to  express  a 
number!  F^umerals  are  used  on  maps  for  identification  purposes,  such 
as  to  identify  a federal  or  state  highway.  Numerals  are  used,  also, 
to  Indicate  population  size,  dollar  value,  volume,  distance  of  miles, 
elevations  and  so  forth.  Examples  of  numerals  used  on  maps  arej 


p 

XIRCULAR 

Spherical 

GRAPH 

GRAPH 

GRAPH 

region 


MILLIONS 


SPOT 

HEIGHT 
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Letters  — A letter  is  an  alphabetical  character.  On  maps, 
letters  may  be  used  for  showing  the  location  of  products,  minerals 
and  so  forth.  The  first  letter  of  the  name  of  the  product,  such  as 
C for  cotton,  S for  sugar,  is  shown  on  the  map. 

Abbreviations  are  often  used  on  maps  for  identification  purposes. 
Abbreviations  should  be  used  only  when  their  meanings  are  unmistake- 
able  and  when  they  will  serve  a useful  purpose. 

Color  — Colors  are  used  on  maps  to  help  identify  terrain  features. 
The  colors  usually  found  on  maps  are  black,  blue,  brown,  green  and 
red. 


Black  - for  works  of  man. 

Blue  - for  water  and  swamps. 

Brown  - for  contours,  cuts  and  fills,  and  some  cultivated 
fields  on  large-scale  maps. 

Green  - for  woods  and  other  vegetation. 

Red  - for  certain  good  roads. 

Map  Symbols  Shown  on  Topographic  Maps  (USGS  and  AMS ) 

A topographic  map,  as  distinguished  from  other  kinds,  portrays  by 
some  means  the  shape  and  elevation  of  the  terrain.  United  States 
Geological  Survey  topographic  maps  usually  represent  elevations  and 
landforms  - the  shapes  into  which  the  earth's  surface  is  sculptured 
by  natural  forces  - by  contour  lines.  Other  features  are  shown  by  a 
variety  of  conventional  signs,  symbols,  lines,  and  patterns,  which 
are  printed  in  appropriate  colors  and  identified  by  names,  labels, 
and  numbers.  The  following  pages  indicate  the  features  shown  on  topo- 
graphic maps. 
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TOPOGRAPHIC  SYMBOLS  APPEARING  ON  UNITED  STATES  GECT^ICAL  SURgET  MAPS 


BLACK  SIHBOLS 


ROADS-HiGHWAYS 

Class  1-Hard  surface,  heavy-duty, 

four  Of  more  lanes  wide — 

Class  2-Hard  surface,  heavy-duty, 

two  or  three  lanes  wide ==== 

Class  3-Hard  surface,  medium- 

duty,  four  or  more  lanes  wide 

Class  4-Hard  surface,  medium- 

duty,  two  or  three  lanes  wide - 

Class  5-lmproved, light-duty . 

Class  6-Unimproved  dirt ============. 

Class  7-Trails;  important  foot, 

bridle,  pack,  marked,  and  named 

trails yiA'i 

Streets  in  urban  areas  including 

Class  1 and  3 roads ===== 

Dual  highway  with  dividing  strip  25' 

or  less  in  width,  50'  at  1:40000 — ■»  lane  — 

Dual  highway  with  width  of  dividing  ^ ^ 
strip  exceeding  25',  50'  at  1:40  000  — 

Private  road pri^'ate  ^ 

Under  Construction-Classification 

known ^ =====;=== 


RAILROADS 
tJ.  S.  Standard  Gage 
Single  track 


Single  track  abandoned.. 

Single  track  under  construction 

Multiple  main  line  track 

Multiple  track  abandoned 

Multiple  track  under  construction.,.. 
Juxtaposition 


ABANDONED 


3 TRACKS 
3 TRACKS 


Railroad  in  street 
Yards 


Sidings 

Narrow  Gage 


Single-track . 

Single  track  abandoned abandoned 

Multiple  track 

Multiple  track  abandoned abandoned 


Under  Construction-Classification 

unknown : ======== 

Traffic  circle .# 

Ctoverleaf M 

Dead  end  road 


Miscellaneous 
Carline 


Carline  abandoned 

Dismantled  railroad  or  carline 

Turntable 

Roundhouse  and  turntable 

Station 


ABANDONED 
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BUCK  SYMBOLS 


BRIDGES-VIADUCTS- 

TUNNELS-CROSSINGS 


Bridge;  road 


DAMS-PIERS-BREAKWATERS-ETC. 

Important  small  masonry  or 

earth  dams ....  


Drawbridge:  road 

( 

[ 

Footbridce 

Bridce:  sincle  track  railroad  , , ^ , 

Bridge:  multiple  track  railroad  . ^ ^ , 

Drawbridge;  railroad  . ^ ^ 

Tunnel;  railroad 

Underpass,  overoass 

.02" 

/t\ll 

Bridge  over  stream,  road,  railroad 

1 ! 

Ford:  road 

Ford;  trail 

1 FORD  1 

Ford:  road  or  trail  

— T 

■— T— 

1 lFord___ 

Ferrv. 

Ferry i 


Large  masonry  dam 

wnmiMzzzz 

Dam  with  fbck 

Dam  carrying  road 

Breakwater,  jetty,  pier,  wharf 

Breakwater,  pier,  wharf,  causeway. 

Covered  pier  or  wharf 

Seawall 

Canal  lock  or  sluice  gate 

Canal  lock  gate  for  double  line 
stream 

Dry  dock < 

Dock 
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BLACK  SYMBOLS 


buildings 

Class  1 : Dwellings,  place  of 
employment,  etc. 

Small  buildings 

Small  buildings  in  congested  areas.. 

Large  buildings.. 

School..... 

School  in  congested  areas 

Church 

Church  in  congested  areas 

Large  school  or  church 

School,  college,  etc. 

Temporarily  abandoned  school  or 
church 

School  or  church  placement 

Building  placement 

Class  2:  Barns,  greenhouses, 
grandstands,  snowsheds, 
warehouses,  etc. 

Small  buildings 

Large  buildings 

Miscellaneous  structures 

Snowshed 

Sewage  disposal  or  filtration  plant.. 
Masonry  swimming  pool,  reservoir, 
or  fish  hatchery... 

Covered  reservoir 

Ruins 

Cliff  dwelling 


MINE  SYMBOLS 


Open  pit  mine,  quarry,  clay,  or 

gravel  pit ^ Gravel  Pit 

Mine  tunnel  entrance  adit  or  cave..  ^ T 

Prospect X 

Mineshaft. d 


iiiilfbL] 

•T-- 


f (Abandoned) 


F=FRB1ID 


OTHER  CULTURE  SYMBOLS 

Power  transmission  line. 

Landmark  lines;  ski  lift,  incline 

railway,  fence  line,  tramway,  etc..... — 

Telephone  or  telegraph  line .... 

Gas  or  oil  pipe  line  underground 

Gas  or  oil  pipe  line  above  ground 

Walls 

Prominent  wall . 

Wells  (excluding  water) o Gas  Weii 

Wells  (when  numerous) 

Oil  Wells 


Tanks;  oil,  gas,  water,  etc . • • on  Tanks 

Tanks;  nil.  gas,  water,  etc @ ^Gas  Tanks 

Located  or  landmark  object. o Radio  Tower 

Windmill :....  esaitweii 

Gaging  station  ® Gaging  station 

Pumping  station .Pumping  station 
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BIACK  SYMBOLS 


BOUNDARIES-ln  order  of  precedence. 


CONTROL  DATA— MONUMENTS 


National..  

State  or  territory ; 

County,  parish,  municipio,  judicial 

Jivision 

Civil  township,  town,  district, 

precinct,  barrio 

Incorporated  city,  village,  town, 

borough,  or  hamlet 

National  or  state  reservation, 

park, and  monument _ 

Small  park,  cemetery,  airport,  etc 

Land  Grant On  red  drawing 

Township,  range,  and  section On  red  drawing 

Miscellaneous  boundary  data 

Boundary  in  road — ^ 

Approximate  boundary. r/«e  normal  symbolization.  Label. 

Indefinite  boundary Use  normal  symbolization  at 

S specified  line  weight.  Label 


Vertical  control  station  marked  with 
tablet.  Spirit  level  elev.,  third  order 

or  better 

Vertical  station — any  recoverable 
mark  other  than  tablet.  Spirit  level 
elevation  third  order  or  better 


i?n« 


X 5628 


Boundary  monument  marked  with 
tablet.  Spirit  level  elev.,  third  order 
or  better  with  or  without  geodetic 
position.  Show  land  grant  monu-  qm 

ment  on  red  drawing - 6724 

Boundary  monument  without  tablet. 

Spirit  level  elev.,  third  order  or  bet- 
ter with  or  without  geodetic  position. 

Show  land  grant  monument  on  red 


drawing 1274 

Checked  spot  elevation x 5970 

Boundary  monument  with  number 

and  elevation 94  □ 62a 


Reference  monument 

U.  S.  mineral  or  location 
monument.. 


Small  cemetery. 


" Cem 


Land  grant  boundary  monument On  red  drawing 


t Grave 


Cemetery.. 

Cemetery.. 


CONTROL  DATA— MONUMENTS 


Horizontal  control  point  . 

coincident  with  section  corner 

I 

Vertical  control  point  coincident 

with  found  section  corner _ | 

I 

Other  control  points.  Object  may 
or  may  not  have  geodetic  position  _ ^ 


Horizontal  and  vertical  control  sta- 
tion marked  with  tablet.  Spirit  level 
elev.  third  order  or  better  „ 

1246 

Horizontal  and  vertical  station— any 
recoverable  mark  except  a tablet. 

Spirit  level  elev.  third  order  or 

better  ^„46 

Horizontal  station  with  precise  vertical 
angle  elev.  Marked  with  tablet  ....  a 

6785 

Horizontal  station  with  vertical  angle 

or  checked  elev.  Any  recoverable 

mark  including  a tablet a ^sra 


FORESHORE-OFFSHORE  FEATURES 


Foreshore  flat 

Rock  or  coral  reef... 

Small  rock  or  coral  reef 


^ Coral  Reef 


Pile,  dolphin,  stump,  or  snag.. opiie 

(Piles') 
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BUCK  SYMBOLS 


BROWN  SIMBCLS 


FORESHORE— OFFSHORE  FEATURES 
(cont»d) 


CONTOURS 


Rock  bare  or  awash  dangerous  to 

navigation 

Rock  bare  or  awash 

Group  of  rocks  bare  or  awash 


Exposed  wreck 4a 

Exposed  wreckage  or  foul  ground..  : wreckage  ;• 

Masts  exposed  on  sunken  wreck Masts 

■ Exposed 


Sunken  wreck. 


Shoal. 


Danger  curve 

Area  limits. 

Sunken  rock... 


Danger  Curve 


(Soundings  and  depth  curves  shown 
on  blue  drawing) 


MISCELLANEOUS 
Oil  sump  or  sludge  pit 

Open  oil  reservoir 

Drive-in  theater 


■ r~i 

o 


Index  contour... 

Intermediate  contour 

Supplementary  contour 

Approximate  index  contour 

Approximate  intermediate  contour.. 


Feathering-out  treatment. 
Carrying  contour 


Depression  contour. 


Adjacent  depression  contours. 


Supplementary  depression  con- 
tours   


Cut 

Fill:  road  or  railroad 


Contouring  at  ditches  and  canals.... 


Large  earth  dam  or  levee. 
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BROWN  SYMBOLS 


BLUE  SYMBOLS 


MISCELLANEOUS 


Levee 

Levee  v/ith  road-levee  with  railroad.. 


Sand  areas,  dunes  . 


Wash  ‘ — 

Spot  elevation  cross 

Unchecked  spot  elevation .. 
Glacial  moraine 


Dry  lake  or  pond 

Sand  in  open  water  area .*  sand 

Tailings  pond 

Tailings 

Strip  mine 


Strip  mine,  waste  area 

Mine  dump 

Distorted  surface  area f- 


Msm 


Gravel  beach 


Contouring  at  levees ■ 


Shifting  sand  dune  area  . 

Spoil  bank  . 

Shoreline 

Indefinite  shore  line 


Perennial  stream  ^ — 

Braided  stream 

Intermittent  stream  . 

Intermittent  stream 

Stream  disappearing  at  a definite 
point 

V - 

Unsurveyed  perennial  stream 

Wash... 

LAKES-POND 

s 

Perennial  lake  or  pond 

o 

Perennial  salt  lake  or  pond 
Intermittent  lake  or  pond 

(^SalT^ 

■ 

Reservoir  natural  shoreline 

■ 

Dry  lake  or  pond 

. r' 

indefinite  or  unsurveyed  shoreline. 

'^1 

CANALS-AQUEDUCTS 

Canal,  flume,  or  aaueduct 

H-  CANAL 

Intermittent  drainage  or  irrigation 
ditch 

DITCH 

Abandoned  canal,  flume,  or 
aqueduct 

Canal,  flume,  or  aqueduct 

CANAL 

Intermittent  drainage  or  irrigation 
canal 

CANAL 

Abandoned  canal,  flume,  or 
aaueduct 
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BLUE  SYMBOLS 


BLUE  SYMBOLS 


CANAI3— AQUEEUCTS 
(cont^d) 


Navigable  canal..... ■■■■  ■ — 

Underground  flume,  penstock, 

aqueduct,  or  similar  feature aqueduct __ 

Aqueduct  tunnel..... 

Elevated  aqueduct,  conduit,  etc » — 


MISCELLANEOUS 


Glacier  approximate  contours 


Glacier  or  permanent  snow  field  .... 

Marsh  or  swamp ^ 


Wooded  marsh  or  swamp 

Submerged  marsh  or  swamp... 
Marsh  or  swamp  outline  .. 


Show  stream  in  marsh  or  swamp 
when  channel  exists .. 


■vy 


MISCET.T.AHEOUS 

(cont»d) 


Small  falls .. 


Large  rapids... 


Small  rapids 

Channel  in  water  area 

Permanent  channel  in  wash .. 

Depth  curve 

Land  subject  to  inundation ... 

Water  surface  elevations 

Alkali  flat.. 


Water  area.. 


Perennial  drainage  or  irrigation 
ditch 


Glacial  crevasses.... jj(J 

Crevasses 

Soundings 75 

Sewage  disposal  or  filtration  plant..  ^ ^ 

Masonry  swimming  pool,  reservoir, 
or  fish  hatchery..... 


Intermittent  lake  or  pono  . 

Canal  or  stream 

Water  area. 


Submerged  marsh  or  swamp... 
Covered  reservoir  (water) 


Land  subject  to  inundation 
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RED  SYMBOLS 


RED  SIMBOLS 


UNITED  STATES  LAND  SURVEYS 


MISCELLANEOUS 


Land  grant  or  mining  claim 

Land  grant  monument  with  or 

without  geodetic  position □ 

Township  or  range  line 

Township  or  range  line;  location 

doubtful 

Section  line 

Section  line:  location  doubtful 

Section  corners : 

Found  cor.-  Indicated  cor _ + 

I 

Closing  corners; 

Found  cor.-  Indicated  cor — t 


OTHER  LAND  SURVEYS 


Urban  area. 


National  park  boundary 


GREEN  SIMBOLS 


Woods,  brushwood 


Orchard 


Vineyard .. 


Township  or  range  line 

Section  line 

Section  corner 

Closing  corner 


ROAD  DATA 


Scrub 


Wooded  marsh  or  swamp 


Mangrove. 


Class  1 road 

Class  2 road 

Class  3 road 

Class  4 road._ 

Change  in  number  of  lanes. 

Direction  arrow 

Route  markers 


@ @ 
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STICK  UP  PATTERNS  AND  LINE  CUTS 


USGS  1 Culture  symbols 

tSiS  tttt  tttt  titt  o 
5?TX-abXAx+oo» 

® )®  <»>  <»>  U S 

USGS  lA  For  use  on  1:81  i 
USGS  2 Marsh 


■ X Q ” 


USGS  Contour  Numbers  (opaque) 

1- Numbers  too  - 5990 

2- Numbers  eooo  - i2690 

For  1 to  1 reproduction 

3- Numbers  10  - r*soo 


USGS  Spot  elevations 

4A- Numbers 

0 - 2000 

4B-Numbers 

2000  - 4.000 

4C- Numbers 

4001  - 6000 

4D-Numbers 

6000  - 8000 

4E-Numbers 

800/  - 10000 

4J- Numbers 

5239  - 5998 

4K-Numbers 

5995  - 6683 

USGS  5 (Zip-A-Tone  2) 

House  omission  and  open  water  areas 


USGS  6 (Zip-A-Tone  5A) 

Fill  for  large  Class  1 buildings 


USGS  7 Vineyard 


USGS  8 (Zip-A-Tone  66) 

Fin  for  sewage  disposal,  filtration  plant, 
Intermittent  lakes,  large  Class  2 buildings 


USGS  8B 

Fill  for  intermittent  pond  when 
tint  drawing 


blue 


USGS  9 US  highway  markers 
1^]  Nos.  1 to  830  (not  consecutive) 

USGS  9A  State  highway  markers 
0)  Nos.  1 to  809 

USGS  10  Misc  highway  markers  and 
Nos.  1 to  1000 

oooseooOO 


USGS  11  Highway  direction  arrows 

USGS  llA  Highway  direction  arrows 
for  1 to  1 reproduction  and  reprints 

USGS  12A  Alternate  route  markers 
for  1 to  1 reproduction  and  reprints 

sosoaoooO 

USGS  13A-1  Road  legend 
for  1 to  1 reproduction  of  1:24  000 
1:31  680  and  1:62600 
USGS  13  B-1  Road  legend 

USGS  14  Declination  diagram 

USGS  15-16  Highway  markers 
and  numbers  for  1 to  1 reproduction 
(^  Nos.  1 to  1000  Numbers  1 to  876 
Nos.  1 to  830  {not  consecutive) 

O©®00@©@O 

USGS  17 

Sand,  dry  iakes. 

USGS  17A  Unduiating  sand  areas 

USGS  18 

Boundaries  for  nationai,  state,  county, 
township,  city,  reservation,  and  grant. 
Transmission  line,  landmark  line  and 
double  tract  RR. 

~ 

USGS  19  Land  subject  to  inundation 
Tailings  pond 

USGS  20  Scrub 

USGS  21  (Stic-Pat  AMS  189) 

Distorted  surface  area-i.e.  lava  etc. 

USGS  22  (Stic-Pat  AMS  188) 

Gravel  beach  and  glacial  moraine 

USGS  23  (Stic-Pat  AMS  116) 

Rice  field 
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USGS  24  Hazards  to  navigation 
^ ^ * * * * 

USGS  25  (Stic-Pat  AMS  108) 

Mangrove 

USGS  26—1  Orchard 

USGS  27  (\n--10)  Buildings 

USGS  28-28A 

Registration  tick  stick-up 

USGS  29 

U S land  survey  lines 

— 

USGS  30  Township  and  section  lines, 
location  doubtful 

USGS  31 

Other  land  survey  lines 

USGS  32  Levee 

USGS  33  National  park  boundaries 

USGS  33-1  National  park  boundaries 

USGS  34  State  location  diagrams 
for  all  states 

USGS  34—1  State  location  diagrams 

for  Atlantic  Region 

USGS  34-2  State  location  diagrams 

for  Central  Region 

USGS  3A- 3 State  location  diagrams 
for  Rocky  Mountain  Region 

USGS  34  -4  State  location  diagrams 

for  Pacific  Region 

USGS  35  Spoil  bank 

Civil  Defense  Map  Symbols 


Due  to  an  increased  use  of  maps  for  urban  analysis  purposes, 
plotting  operational  information,  delineating  dispersal  routes  and 
performing  map  studies  and  problems,  the  standardization  of  map  sym- 
bols, specially  adapted  to  Civil  Defense  use,  has  assumed  an  ever 
greater  importance.  The  map  symbols,  depicted  herein,  have  been 
designed  for  use  on  maps  in  addition  to  the  general  topographic  sym- 
bols commonly  found  on  existing  governmental  and  commercial  maps. 
Symbols  other  than  those  shown  hereiii  may  be  \ised  on  Civil  Defense 
maps  but  care  should  be  exercised  to  assure  that  they  do  not  con- 
flict with  existing  symbols  and  are  explained  in  an  accompanying 
legend. 

The  symbols  do  not  conform  to  any  scale,  and  should  vary  in  size 
with  the  size  of  the  individual  map  on  which  they  are  imposed.  Their 
size  and  position  should  not  confuse  nor  obliterate  adjacent  symbols 
or  other  map  data.  All  map  symbols  have  been  designed  so  that  they 
can  be  used  without  regard  to  color,  and  are  susceptible  of  easy  and 
rapid  reproduction  by  unskilled  personnel;  strict  adherence  to  the 
minutia  of  their  detail  and  proportion  is  neither  required  nor  to 
be  expected  in  copying  them. 
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AVIATION 
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m 
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(g) 
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L night  iMp 
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distributor  (Spacify) 
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POLICE 

WELFARE 

w 

1.  Walfara 

2.  Follca  k«*dqMrt*ra 

^ALT-* 

S.  traffic 

w 

2.  Walfara  cantor 

PRESS- RADIO 

|E11 

1.  Pr*n-radlo  hMdqu«rt*n 

? 

i.  Parlpharal  road 

13 

w 

3.  Auambly  cantor 

RADIOLOGICAL 

1.  lUdlotctlv*  kaurd 

Y 

7.  By-pan 

TRANSPORTATION 

w * 
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2.  Radiological  monitor 
1.  Radiological  faam 
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w 
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w 

7.  Caatral  dafaasa  ansargoncy  aid  boraoa 
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1.  Etnargancy  diitrlbutloa  point 
(C— coal;  O— oil;  G— gatollna; 
f— Ratrolaum  producti) 

2.  Wardan  district  haadquartara 

© 
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TRAFFIC 

HI 
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t.  Coilacting  point 
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L M R 
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S.  Wardan  post  boundaries 

w 

10.  C.  D.  workers'  rast  cantor 
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CENSUS  TRACT  AND  ENUMERATION  DISTRICT  MAPS 


Census  tract  and  enumeration  district  maps  define  areas  for  which 
census  information  is  available.  Consequently  they  are  the  most 
practicable  for  plotting  population  statistics.  They  are  especially 
well  suited  for  the  preparation  of  estimates  of  possible  A-bcmb  casual- 
ties. For  most  purposes  census  tract  maps,  because  they  are  readily 
available,  cheaper,  and  simpler  to  use,  are  preferable  to  enumeration 
district  maps. 

Census  tracts  are  areas  of  varying  size  and  shape,  each  containing 
approximately  5,000  residents,  although  some  may  contain  only  a few 
people,  or  none  at  all.  Single  tracts  in  a few  of  the  larger  cities 
may  contain  more  than  300,000  people.  Maps  of  these  tracts  have  been 
prepared  for  most  large  and  medium-sized  cities,  and  copies  are  available 
in  the  municipalities  concerned.  Figures  for  resident  population  by 
census  tracts  together  with  related  Information  are  available  in  Bureau 
of  the  Census  bulletins. 

Enximeratlon  districts  are  relatively  small  units  which  comprise  the 
tracts  and  contain  approximately  800  people.  The  districts  vary  consider- 
ably in  area;  one  may  consist  of  part  of  a single  building  whereas 
another  may  Include  50  blocks  or  more.  Maps  of  enumeration  districts 
have  been  prepared  by  the  Census  Bureau  for  all  United  States  cities  and 
these  may  be  used  where  census  tract  maps  and  figures  cannot  be  obtained. 
Enumeration  district  maps  are  not  available  for  general  distribution. 
However,  a few  cities  have  these  maps,  and  maps  for  other  cities  may  be 
ordered  from  the  Census  Bureau  at  a cost  of  approximately  $100  per 
500,000  population.  As  an  alternate  possibility,  descriptions  of 
entjmeration  district  boundaries  for  various  cities  may  be  obtained 
from  the  Burea  at  moderate  cost. 

Population  figures  for  enumeration  districts  may  be  obtained 
from  the  Bureau  on  special  order.  Approximate  costs  are  as  follows: 

(a)  To  hand  copy  population  totals;  $25  per  500,000  population. 

(b)  To  photostat  population  totals:  $15  per  500,000. (These  are 
less  convenient  to  use  than  hand  copy.) 

(c)  To  photostat  entire  tabulation;  $250  per  500,000. 

(d)  To  prepare  a breakdown  by  age  groups,  sex,  or  other  character- 
istics; as  much  as  $10,000  for  a large  city. 
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UNITED  STATES  GEOLOGICAL  SURVEY  MAPS 


Types  of  Quadrangles  Published 

The  Geological  Siirvey  issues  standard  topographic  maps  covering 
the  United  States,  Alaska,  Hawaii  and  Puerto  Rico,  Under  the  general 
plan  adopted,  the  unit  of  survey  is  a quadrangle  boxinded  by  parallels 
of  latitude  and  meridians  of  longitude. 

a.  Quadrangles  covering  7 1/2  minutes  of  latitude  and  longitude 
are  generally  published  at  the  scale  of  either  1:24,000  (l 
inch  = 2.000  feet)  or  1:31,680  (l  inch  = 2,640  feet  or 

1/2  mile). 

b.  Quadrangles  covering  15  minutes  of  latitude  and  longitude 

aire  published  at  the  scale  of  1:62,500  (l  inch  = approximately 
1 mile). 

c.  Quadrangles  covering  30  minutes  of  latitude  and  longitude 
are  published  at  the  scale  of  1:125,000  (l  inch  = approxi- 
mately 2 miles). 

For  certain  portions  of  the  United  States,  quadrangles  repre- 
senting one  degree  (60  minutes)  of  latitude  and  two  degrees  of 
longitude  have  been  published  at  the  scale  of  1:250,000  (l  inch  = 
approximately  4 miles). 

Quadrangles  for  the  entire  United  States  representing  two  degrees 
of  latitude  and  six  degrees  of  longitude  at  the  scale  of  1:500,000 
(1  inch  = approximately  8 miles)  are  also  available. 

Titles  of  Quadrangles 

Each  quadrangle  is  designated  by  the  name  of  a city,  town  or 
prominent  natural  feature  within  it.  On  the  margin  of  the  maps  is 
printed  the  names  of  adjoining  quadrangle  maps  that  have  been  published. 
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Meridians  of  Longitude  and  Parallels  of  Latitude 


The  illustration  below  visually  depicts  for  a map  projection  which 
lines  are  referred  to  as  ’’parallels  of  latitude”  and  ’’meridians  of 
longitude”.  The  parallels  of  latitude  are  the  horizontal  lines  and  extend 
from  East  to  '.\'est  or  IVest  to  East,  The  meridans  of  longitude  are  the 
vertical  lines  and  extend  from  the  North  to  the  South  or* the  South  to  the 
North, 


uses  Release  - ”Topographic  Map  Symbol  Sheet” 

The  Department  of  Interior,  USGS  release  titled,  "Topographic  Map 
Symbol  Sheet",  dated  May,  1955,  a reprint  of  which  will  be  found  on 
pages  7.3,  furnishes  additional  descriptive  material  concerning  the 
quadrangle  map  series  and  instructions  for  obtaining  quadrangle  maps. 
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UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

GEOLOGICAL  SURVEY 


TOPOGRAPHIC 
MAP  SYMBOL  SHEET 
MAY  1966 


QUADRANGLE  MAPS.  AND  QUADRANGLE  MAP  SERIES 
Quadrangle  maps  cover  four-sided  areas  bounded  by  parallels  of  latitude  and  meridians  of  lon^tude.  Quadrangle 
size  is  given  in  minutes  or  degrees.  The  usual  dimensions  of  quadrangles  are:  7.6  by  7.6  minutes,  16  by  16 
minutes,  30  by  30  minutes,  and  1 degree  by  1,  2,  or  3 degrees. 

Quadrangle  map  series  are  map  groups  of  the  same  size  quadrangles.  In  each  series  the  maps  follow  a system- 
atic quadrangle  pattern,  they  have  a uniform  format,  and  they  usually  have  the  same  scale. 

MAP  SCALE  DEPENDS  ON  QUADRANGLE  SIZE 
The  scale  of  a map  is  the  ratio  between  a map  distance  and  the  same  distance  measured  on  the  ground. 

Map  scale  is  given  as  a numerical  ratio,  and  by  bars  marked  in  feet,  meters,  and  miles. 


STANDARD  SCALES  AND  PRICES  OF  THE  NATIONAL  TOPOGRAPHIC  MAP  SERIES 

SERIES  SCALE  PRICE 


7.6  Minute 1:24,000 

7.6  Minute 1:31,680 

16  Minute 1:62,600 

1:63,360  (Alaska) 1:63,360 

30  Minute 1:126,000 

1:260,000 1:260,000 

1:260,000  (Alaska  reconnaissance) 1 :^,000 


1 inch  equals  2,000  feet $0.20 

1 inch  equals  one  half  mile .20 

1 inch  equals  about  1 mile .20 

1 inch  equals  one  mile .20 

1 inch  equals  about  two  miles  .20 

1 inch  equals  about  four  miles .60 

1 inch  equals  about  four  miles ...  .26 


CONTOURS  SHOW  LAND  SHAPES  AND  ELEVATION 


The  shape  of  the  land,  portrayed  by  contours,  is  the  distinctive  characteristic  of  topographic  maps. 

Contours  are  imaginary  lines  following  the  ground  surface  at  a constant  elevation  above  sea  level. 

The  contour  interval  is  the  regular  elevation  difference  separating  adjacent  contour  lines  on  maps. 

Contour  intervals  depend  on  ground  slope  and  map  scale;  they  vary  from  6 to  200  feet.  Small  contour  intervals 
are  used  for  flat  terrain;  larger  intervals  for  rugged  mountain  areas. 

Supplementary  dashed  or  dotted  contours,  at  less  than  the  regular  interval,  are  used  in  flat  areas. 

Index  contours,  every  fourth  or  fifth  line,  are  heavier  than  others,  and  have  elevation  figures. 

Hachures,  form  lines,  and  symbol  patterns  are  also  used  to  show  some  kinds  of  topographic  forms. 

Relief  shading,  an  overprint  giving  a three-dimensional  effect,  is  used  on  some  quadrangle  maps. 


COLORS  DISTINGUISH  CLASSES  OF  MAP  FEATURES 

Black  is  used  for  man-made  or  cultural  features,  such  as  roads,  buildings,  names,  and  boundaries. 

Blue  is  used  for  water  or  hydrographic  features,  such  as  lakes,  rivers,  canals,  and  glaciers. 

Brown  is  used  for  relief  or  hypsographic  features — land  shapes  portrayed  by  contours  or  hachures. 

Green  is  used  for  woodland  cover,  with  typical  patterns  to  show  scrub,  vineyards,  or  orchards. 

Red  emphasizes  important  roads,  shows  built-up  urban  areas,  and  public-land  subdivision  lines. 

STATE  INDEX  CIRCULARS  SHOW  MAPS  PUBLISHED 

For  each  State,  and  for  Alaska,  Hawaii,  and  Puerto  Rico  index  circulars  show  all  maps  distributed.  Index  maps 
give  quadrangle  location,  survey  date,  name,  and  publisher  (if  not  Geological  Survey).  Listed  also  are: 
special  maps  and  sheets  with  prices,  map  agents  and  federal  distribution  centers,  addresses  of  map  reference 
libraries,  and  detailed  instructions  for  ordering  topographic  maps. 


HOW  MAPS  MAY  BE  OBTAINED 

Mail  orders  for  maps  west  of  the  Mississippi  River  should  be  addressed  to  the  Geological  Survey,  Distribution 
Section,  Federal  Center,  Denver,  Colo.,  and  for  maps  east  of  the  Mississippi  River  to  the  Geological  Survey, 
Distribution  Section,  Washington  26,  D.  C.  Maps  of  Alaska  may  also  be  ordered  from  the  Geological  Survey, 
620  Illinois  Street,  Fairbanks,  Alaska.  Order  by  map  name.  State,  and  series.  Maps  without  woodland  over- 
print are  furnished  on  request.  A 20%  discount  is  allowed  on  orders  amounting  to  $10  or  more.  Each  order 
for  maps  should  be  accompanied  by  exact  payment  in  cash,  or  by  money  order  or  personal  check  made  pay- 
able to  the  Geological  Survey. 

Sales  counters  are  maintained  in  the  following  Geological  Survey  offices  where  maps  of  the  area  may  be  purchased 
in  person:  Room  1028,  General  Services  Administration  Building,  Washington  26,  D.  C. ; 2620  Marconi  Avenue, 
Sacramento,  Calif.;  Room  468,  New  Customhouse,  Denver,  (Dolo. ; Room  604,  Federal  Building,  Salt  Lake  City, 
Utah;  Room  629,  Post  Office  Building,  Los  Angeles,  Calif.;  Room  724,  Appraisers  Building,  San  Francisco, 
Calif.;  Room  210,  Glover  Building,  Anchorage,  Alaska;  Room  117,  Federal  and  Territorial  Building,  Juneau, 
Alaska;  and  Wright  Building,  Palmer,  Alaska. 

State  index  circulars  and  a folder  describing  topographic  maps  are  furnished  free  on  request. 

Private  agents  sell  quadrangle  maps  at  their  own  prices.  Names  and  addresses  of  private  agents  are  listed  in 
the  State  index  circulars. 
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Schematic  Illustration  of  the  Area  Covered  by  each  Quadrangle  Map  Series 
^ A schematic  illustration  showing  how  each  quadrangle  map  series  is 

related  to  the  general  quadrangle  plan  adopted  by  the  USGS  will  be  found 
below. 


The  scale  for  each  quadrangle  map  series  is  given  as  a numerical 
ratio.  Exan?)lo;  1:24,000  or  1:62,500  and  so  forth.  Pages  2.8  and  2.9 
depict  the  areas  covered  by  each  quadrangle  series. 
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Schematic  nixistratlona 
of 

Area  Covered  by  USGS  Quadrangles 


7.5  MINUTE  SERIES  15  MINUTE  SHOES 

1:24,000  or  1:31,680  Scale  1:62,500  Scale 


1:125,000  Scale 
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Schematic  Illustrations 
of 

Area  Covered  by  USGS  Quadrangles 


1*N-S  X 2*E-W  SERIES 
1:250,000  Scale 
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Scales  of  Quadrangle  Map  Series 


The  table  below  furnishes  for  each  quadrangle  map  series  the 
following: 

a.  the  scale  - in  form  of  a numerical  ratio 

b.  the  minutes  or  degrees  of  latitude  and  longitude  represented 
on  the  maps 

c.  the  mileage  distances  of  the  minutes  or  degrees  represented 
on  the  maps 

d.  the  number  of  inches  on  the  maps  that  are  equivalent  to 
one  mile 

e.  the  number  of  miles  that  one  inch  on  the  maps  represent 


UNITED  STATES  GEOLOGICAL  SURVEY  (USGS)  MAPS 


Scales  of  Quadrangle  Map  Series 


Scale 

Quadran 

gle  Size 

1 Mile 
Equals 

1 Inch 
Equals 

Latitude 

Longitude 

1:24,000 

7.5  Minutes 
approx* 

8*4  miles 

7*5  Minutes 
approx* 

6*8  miles 

2*6  inches 

0*38  mile 

1:31,680 

7*5  Minutes 
approx. 

8*4  mileq 

7*5  Minutes 
approx* 

6*8  miles 

2*0  inches 

1*5  miles 

1:62,500 

15  Minutes 
approx* 
16*8  miles 

15  Minutes 
approx* 
13*6  miles 

approx  1 inch 

approx  1 mile 

1:125,000 

30  Minutes 
approx* 
33*6  miles 

30  Minutes 
approx* 
27*2  miles 

0*5  inch 

2*0  miles 

1:250,000 

1 Degree 
approx* 
67*2  miles 

2 Degrees 
approx* 
108*8  miles 

0*25  inch 

4*0  miles 

1:500,000 

2 Degrees 
approx* 
134*4  miles 

6 Degrees 
approx* 
326*4  mUes 

0*125  inch 

8*0  miles 

Below  are  the  scales  for  each  quadrangle  map  series  in  graphic  form  - 
by  bars  marked  in  miles. 


BAR  SCALES 

UNITED  STATES  GEOLOGICAL  SURVEY  QUADRANGLES 
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Selecting  the  Appropriate  Quadrangle  Map  Series; 

Scale  1;24.000  or  1:31.680  - 7.5'  N-S  by  7.5'  E-W  qxiadrangle  map 

This  series  should  be  used  where  detailed  Information  for  an 
urbanized  area  - city  and  Its  urban  fringes  - Is  desired. 

Quadrangles  In  this  series  show: 

a.  the  street  pattern  and  names  of  the  more  Important  streets 
and  highways 

b.  the  location  of  different  types  of  buildings  - dwellings, 
schools,  churches,  Industrial  plants  and  others 

c.  railroads,  railroad  yards,  roundhouses,  and  so  forth 

d.  bridges 

e.  boundaries  of  political  subdivisions 

f.  water  features  - lakes,  rivers,  canals 

g.  contours  - Imaginary  lines  following  the  ground  surface 
at  a constant  elevation  above  sea  level 

h.  woodland  cover 

I.  airfields 

J.  military  areas 

k.  port  facilities 

l.  other  significant  features 

For  the  appropriate  quadrangle  to  order.  State  Index  Circulars, 
showing  maps  published,  can  be  obtained  from: 

The  United  States  Geological  Survey 
Distribution  Section 
Washington  25,  D.  C. 

The  circulars  are  Index  maps  showing  quadrangle  location,  survey 
date,  name  and  published  (If  not  Geological  Survey).  (see  USGS 
release,  "Topographic  Map  Symbol  Sheet",  Page  B-19). 

Scale  1:  62.500  - 15'  N-S  by  15"  E-W  quadrangle  map  series 

This  series  should  be  ordered  where  detailed  Information  for 
rural  areas  Is  desired.  Quadrangles  In  this  series  cover  more  land 
area  than  shown  on  the  7.5  minute  quadrangle  series.  Although  the 
street  patterns  of  urbanized  areas  are  shown,  street  names  and  details 
are  usually  not  Indicated.  These  maps  should  be  used  for  support 
planning  purposes. 
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Scale  1:125.000  - 30’  N-S  by  30’  E-W  quadrangle  map  series 


Although  this  series  is  useful  in  relation  to  determining  the 
location  of  the  major  highways,  the  paucity  of  information  indicated 
on  the  quadrangles  limit  their  value  in  civil  defense  planning*  A 
list  of  the  quadrangles  available  for  some  of  the  principal  cities 
will  be  found  in  Appendices  B thru  J* 

Scale  1;250.000  - 1 N-S  by  2 E-W  quadrangle  map  series 

These  quadrangles  show  large  built-up  areas  in  yellow  with  no 
details  except  for  the  location  of  some  of  the  major  highways*  The 
highway  distribution  system  beyond  urbanized  areas,  however,  is 
indicated  as  well  as  the  locations  of  small  populated  places,  air- 
ports, military  areas,  woodlands,  and  other  topographic  features* 
Because  each  quadrangle  covers  an  extensive  area  (approximately  68 
miles  by  108  miles),  this  series  is  useful  for: 

a*  delineating  the  "aiming  areas"  and  bands  of  A-B-C-D-damage 
for  target  areas 

b*  estimating  the  probable  areas  that  may  be  subject  to  damage  - 
blast,  thermal  and  fallout  - if  one  or  more  thermonuclear 
weapons  were  detonated 
c*  movement  studies 
d*  reception  and  care  studies 
e*  other  studies  relative  to  support  planning* 

The  names  of  the  quadrangles  for  each  Region  and  each  State 
within  each  Region  will  be  found  in  Appendices  B thru  J* 

Scale  1:500.000  - 2“  N-S  by  6®  E-W  quadrangle  map  series 

These  quadrangles,  except  for  scale,  show  approximately  the 
same  type  of  information  as  the  1:250,000  scale  maps*  Each  quadrangle, 
however,  covers  an  area  approximately  138  by  325  miles*  This  series 
is  excellent  for  plotting  "aiming  area"  information  and  for  deter- 
mining areas  that  may  be  subject  to  fallout* 

The  names  of  the  quadrangles  for  each  Region  and  for  each  State 
within  each  Region  will  be  found  in  Appendices  B thru  J* 

Scale  1:500.000  - State  Base  Maps 

This  series  should  be  used  \rtiere  a small  scale  map  for  a State 
is  desirM*  The  maps  show:  a*  the  county  boxindaries  b*  water 

features  c*  locations  and  names  of  cities,  towns  and  villages* 

The  ^tate  Base  Maps  will  be  found  useful  for  plotting  "aiming 
area"  in  rmation  and  for  determining  areas  that  may  be  subject  to 
fallout * 
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Special  Maps;  Scale  1;24.000  - Urban  (Single  Sheet)  Maps 


This  series  of  special  maps  is  being  developed  by  the  Geological 
Survey  for  urban  areas.  The  maps  will  show  the  same  information  as 
the  7.5  by  7.5  minute  quadrangle  map  series  except  that  the  universal 
transverse  mercator  grid  system  is  being  indicated  on  the  margins  of 
the  maps  by  tick  marks.  The  maps  will  be  published  both  in  mono- 
color (black  and  white)  and  multi-color.  The  mono-color  series  will 
not  show  the  contours  or  elevations.  The  multi-color  series  will 
indicate  the  contours  by  brown  lines  and  the  extent  of  the  built-up 
urban  areas  in  red. 
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ARMY  MAP  SERVICE  MAPS 


The  Army  Map  Service  (AMS),  Corps  of  Engineers,  U.S,  Army, 
publishes  for  military  use  only,  quadrangle  maps  similar  to  the 
series  issued  by  the  USGS.  In  preparing  the  quadrangles,  the 
Army  Map  Service  utilizes  the  original  data  compiled  by  the  USGS, 
as  well  as  other  sources.  However,  the  AMS  quadrangle  map  series 
differ  from  the  USGS  series.  The  principal  difference  between  the 
AMS  and  USGS  quadrangles  are  in  the  following  areas: 

a.  Map  projection 

b.  Scale 

c.  Universal  Transverse  Mercator  Grid 

d.  Military  information  indicated 

A comparison  of  map  scales,  projections  and  grids  of  the  USGS 
and  AMS  quadrangle  map  series  will  be  found  in  Chapters  II  and  III. 

Since  AMS  maps  contain  military  information,  for  obvious 
reasons  these  maps  are  not  published  for  civilian  distribution. 
State  and  local  civil  defense  organizations,  therefore,  cannot 
purchase  these  maps.  OCDM  Regions,  however,  can  purchase  the 
AMS  quadrangles  by  writing  direct  to: 

Commanding  Officer 
U.S.  Army  Map  Service 
6500  Brooks  Lane 
Washington  25,  D.  C. 

The  Anny  Map  Service  publishes  a U.S.  Map  Catalogue  which 
consists  of  a series  of  index  maps  for  the  United  States  and  each 
State  which  show  for  each  quadrangle  map  series  the  quadrangle 
location,  sheet  name  and  number  and  other  pertinent  data  for 
ordering  maps. 
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Cooq>«rlsoo  of  QBQS  and  AMS  Quadranglas 


United  States 
Qeolosical  Surrey 

Quadrangle 
Map  Series 

krmj 

Map  Series 

Seals t li  500, 000 

2°  N-S  X 6°  B-W 

Seals*  1*500,000 

Projectiont  Laabert  Conforoal 

Projection*  Laid>ert  Confozml  Conio 

Conio 

Oridi  Nona  shoim 

Grid*  10,000  nater  UTM  grid 
(printed  in  purple) 

Soalei  U250,000 

1°  N-S  X 2°  E-¥ 

Scale*  1*250,000 

Projectlom  Transrerse 

Projection*  Transrerse  Mercator 

Mercator 

Qridt  10,000  inter  UTM  grid 
with  10,000  yard  0.  S. 
Polyoonic  grid  as 
secondary  on  earn  sheets  « 

Grid*  IQ, 000  meter  DIM  grid  with 
10,000  yard  U.  S,  poly- 
conio  grid  as  secondary 
on  soma  sheets. 

Scale  t li 125, 000 

30*  N-S  X 30»  B-¥ 

Seale*  1*100,000 

Projection*  Polyoonic 

Projection*  Transrerse  Mercator 

Oridi  10,000  yard  U.  S. 
Polyoonic  grid 

Grid*  10,000  meter  UTM  grid  with 
10,000  yard  U.  S.  poly- 
oonio grid  as  secondary  on 
sons  of  the  colored  sheets 

Scale*  1*62,500 

15'  N-S  X 15'  B-« 

Scale*  1*50,000 

Projection*  Polyoonio 

Projection*  Transrerse  Mercator 

Grid*  Nona 

Grid*  1,000  meter  UTM  grid 

Scale*  1|2U,000  or  1»31,6«0 

7.5'  N-S  X 7.5  B-tf 

Scale*  1*25,000 

Projection*  Polyconic 

Projeotiiwit  Transrerse  Mercator 

Qridt  10,000  foot  grid  shown 
on  aoaa  shaets 

Grid*  1,000  meter  UTM  grid; 

1,000  yard  U.  S.  Poly- 
oonio grid  as  seo<»idary 
on  majority  of  sheets. 

♦ Saidas  Is  produced  by  AMS  but  published  and  distributed  foor  cirilian  use  by  DSQS. 
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Schematic  Illuatration  of  the  Area  Covered  by  each  Qxiadrangle  Map  Series 
A Bchematlc  Illustration  showing  how  each  quadrangle  map  is  related  to 
the  general  quadrangle  plan  adopted  by  AMS  and  the  sheet  numbering  scheme  will 
be  found  below. 
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Seals 8 of  Quadrangla  Map  Serlea 


Tha  table  bolow  furnisbss  for  each  qiiadrangls  map  series  the  foUowlngt 
a*  the  seals  - in  the  form  of  a numerical  ratio 

b.  the  minutes  or  degrees  of  latitude  and  longitude  represented 

on -the  maps 

c.  the  mileage  distances  of  the  minutes  or  degrees  represented 
on  the  maps 

d«  the  number  of  Inches  on  the  maps  that  are  equivalent  to  one  mile 

e»  the  number  of  miles  that  one  inch  on  the  maps  represent 


sdil 

QUADSANOLE  SIZE 

rms 

1 INCH 

UTITODE 

LONQITUDB 

EQUA13 

EQUALS 

Il25,000 

7*5  minutes 
Approx* 
8.U  milas 

7*5  minutes 
Approx* 
6*8  miles 

O.U  inches 

2*5  mile 

ii  50,000 

15  minutes 
Approx* 
16*8  miles 

15  minutes 
Approx* 
13*6  miles 

0*8  inches 

1.25  mile 

ll  100,  000 

30  minutes 
Approx* 
33.6  miles 

30  minutes 
Approx* 
27*2  miles 

1*6  inch 

0*625  miles 

ll 250,000 

1 degree 
Approx* 
67*2  miles 

2 degrees 
Approx* 
108*8  miles 

0*25  inch 

U*0  miles 

ll 500, 000 

2 degrees 
Approx* 
13U*U  miles 

6 degrees 
Appj^ac. 
326.U  miles 

0*125  inch 

8*0  miles 
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Below  are  scales  for  each  Quadrangle  Map  Series  in  graphic  form  - 
by  bars  marked  in  miles. 


BAR  SCALES 

ARMY  MAP  SERVICE  QUADRANGLES 
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Sola  a of  Qvadrangla  Map  Sgrlea  | 

Tha  table  below  furnlabea  for  each  quadrangle  map  aerlea  the  followings 

a*  the  scale  • In  the  form  of  a numrical  ratio  j 

1 

b*  the  minutes  or  degrees  of  latitude  and  longitude  represented  j 

on  - the  maps  | 

I 

c.  the  mileage  distances  of  the  minutes  or  degrees  represented  j 

on  the  maps  I 

d,  tbs  number  of  inches  on  the  maps  that  are  equivalent  to  one  mils  | 

e*  the  number  of  sdles  that  one  inch  on  the  maps  represent  ! 
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Below  are  scales  for  each  Quadrangle  Map  Series  in  graphic  form  - 


bj  bars  marked  in  miles. 


BAR  SCALES 


ARMY  MAP  SERVICE  QUADRANGLES 
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EXPIANATION  AND  USE  OF  THE  UTM  GRID 


Map  Prolectlona 

The  most  convenient  way  to  precisely  identify  specific  points 
on  the  curved  surface  of  the  earth  is  by  means  of  a systan  of  curved 
reference  lines  called  parallels  of  latitude  and  meridians  of 
longitude.  On  some  maps  the  meridians  and  parallels  appear  as 
straight  lines;  on  most  modem  maps,  however,  one  set  or  the  other, 
or  both,  appear  as  curves.  These  differences  are  due  to  the  mathe- 
matical treatment  required  to  portray  a curved  surface  cn  a plane  in 
such  a manner  that  those  properties  of  the  map  which  are  most  important 
with  respect  to  its  intended  use  are  shown  with  a minimum  of  distor- 
tion. The  portrayal  of  a portion  of  the  earth’s  curved  surface  on  a 
flat  surface  is  called  a map  projection. 

Grids 


To  simplify  the  use  of  maps,  and  to  avoid  the  inconvenience  of 
cxirved  reference  Odnes,  it  is  frequently  convenient  to  superimpose 
on  the  map  a rectangular  grid  consisting  of  two  sets  of  straight, 
parallel  lines,  uniformly  spaced,  each  set  perpendicular  to  the  other. 
These  grids  are  carefully  designed  so  that  each  is  placed  on  the  map 
in  a specific  location  with  respect  to  the  meridians  and  parallels 
of  the  map  projection.  Thus,  any  point  on  the  map  can  be  designated 
by  its  latitude  and  longitude  or  by  its  grid  coordinates,  and  a 
reference  in  either  system  can  be  converted  precisely  into  a corre- 
sponding reference  in  the  other  system  without  ambiquity.  Such 
grids  are  usually  identified  by  the  name  of  the  particvilar  projection 
for  which  they  are  designed. 

UTM  GRID 


The  Army  Map  Service  has  adopted  a special  grid  for  military 
use  throughout  the  world.  It  is  designated  the  Universal  Transverse 
Mercator  (UTM)  grid.  For  this  purpose,  the  world  is  divided  into 
60  North-South  zones,  each  covering  a strip  6*  wide  in  longitude. 
(See  Figuire  l) 
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UTM  Zones  Extend  6®  in  Longitude 
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The  60  north-south  zones  of  the  world  are  numbered  consecutively, 
beginning  with  zone  1 between  180°  and  174°  west  longitude  and  progress- 
ing eastward  to  zone  60  between  174°  and  180°  east  longitude.  The  United 
States  is  covered  by  10  zones,  from  zone  10  on  the  west  coast  through 
zone  19  in  New  England  (See  figure  2) . 
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USE  OF  THE  UTM  GRID  ON  VARIOUS  PROJECTIONS 


The  Universal  Transverse  Mercator  (UTM)  grid  was  designed  to  be 
superimposed  on  the  Transverse  Mercator  Projection  because  both  the 
parallels  latitude  lines)  and  the  meridians  (longitude  lines) 
are  straight  lines.  This,  however,  does  not  preclude  the  use  of  the 
UTM  grid  in  connection  with  other  projections. 

The  UTM  grid  may  be  used  in  Lambert ^s  Conformal  Conic  Projection 
where  the  meridians  are  straight  lines  converging  toward  the  poles 
and  are  equally  spaced,  true  to  scale  on  the  standard  parallel  and 
where  the  parallels  are  eu*cs  of  concentric  circles  spaced  wider  apart 
toward  the  north  and  south.  These  factors  do  not  affect  the  spacing 
of  the  northings,  while  the  east  and  west  margins  of  the  UTM  zones 
converge  toward  the  poles. 

Maps  drawn  on  the  Polyconic  Projection  may  also  employ  the  UTM 
grid  when  their  meridians  are  curved,  spaced  equally,  and  are  true 
on  each  parallel;  and  whose  parallels  are  non-concentric  cirlces, 
spaced  truly  on  the  central  meridian.  In  the  case  of  the  Polyconic 
Projection  which  has  curved  meridians,  the  6 degree  UTM  zones  along 
the  eastern  and  western  margins  are  curved  to  conform  with  the 
curvature  of  the  meridians. 

Another  common  projection  over  which  the  UTM  grid  is  superimposed 
is  the  Albers  Equal  Area  Projection.  In  this  projection  the  meridians 
are  radiating  straight  lines  frcan  the  pole,  and  are  spaced  equally 
and  truly  on  two  standard  parallels,  while  the  parallels  are  arcs  of 
concentric  circles  spaced  closer  toward  the  north  and  south  ends. 

Regardless  of  the  map  projection,  the  most  salient  feature  of 
the  superimposition  of  the  UTM  grid  is  that  the  eastern  and  western 
borders  of  each  6 degree  zone  will  conform  to  the  meridians,  ^ile 
the  northings  will  always  be  segments  of  a straight  line  within  each 
zone,  parallel  to  each  other  and  equally  spaced  within  each  zone 
north  of  the  equator. 
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The  U*n<  Grid  Superimposed  on  a Map  of  the  United  States 


The  follovfing  series  of  illustrations  depict  schematically  the  superimposition 
of  the  UTM  Grid  on  a map  of  the  United  States. 

Figure  3 delineates  the  central  meridians  for  each  UTM  Zones  in  the  United  States. 
Each  central  meridian  — drascn  through  the  middle  of  the  zone  — is  knoMn  as  the 
5CX),000  meter  line.  Each  central  meridian  is  located  3*  inward  frcan  the  boundaries 
of  the  UTM  Zones.  All  points  on  the  central  meridians  have  an  easting  value  of 
exactly  500,000  meters. 
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Figures  Z^a,  b,  c delineate,  for  Zones  14  and  15,  the  following: 

4a.  Shows  the  100,000  easting  lines.  Lines  left  of  the  central 
meridians  have  an  easting  value  smaller  than  500,000  meters;  lines 
right  of  the  central  meridians  have  an  easting  value  larger  than 
500,000  meters.  Each  line  drawn  through  the  middle  of  the  Zone  is 
the  central  longitude  of  the  Zone  and  is  known  as  the  central  meri- 
dian. It  stretches  from  north  to  south.  Each  100,000  meter  line 
within  a Zone  is  drawn  at  a right  angle  and  parallel  to  the  central 
meridian.  Each  line  is  known  as  an  easting  line. 

4b.  Shows  the  100,000  northing  lines.  The  northing  lines, 
equcdly  spaced  at  100,000  meters,  are  drawn  parallel  to  the  equator. 
The  northing  lines  stretch  from  west  to  east.  The  northing  line  at 
the  equator  has  a zero  meter  value  with  each  succeeding  northing  line 
from  the  equator  continuously  increasing  in  meter  values  by  100,000 
meters.  Thus,  for  example,  illustration  4b  depicts  the  bottom 
northing  value  as  2,700,000  meters,  the  next  value  as  2,800,000 
meters  — each  succeeding  100,000  meter  line  increasing  in  meter  value 
by  100,000  meters.  The  top  northing  line  has  a value  of  5,500,000 
meters . 

4c.  Shows  the  100,000  meter  grid  formed  by  the  intersection  of 
the  easting  and  northing  lines. 


B-63 


102-  Zone  14  96*  Zone  15 
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A 100,000  meter  square  may  be  subdivided  further,  if  desired, 
into  10,000  meter  squares.  Illustration  figure  5 depicts  a 
100,000  meter  square  subdivided  into  10,000  meter  squares. 


(Schematic)  95° 
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Illustration  figure  6 depicts  a 10,000  meter  square  subdivided  into 
1,000  meter  squares. 


Fig.  6 

Illustration  figure  7 depicts  a 1,000  meter  square  subdivided  into 
100  meter  squares. 
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The  UTM  Grid  on  AMS  and  USGS  Maps 


All  Army  Map  Service  maps  show  the  UTM  grid  lines  on  the  maps. 
The  following  lists  for  the  various  AMS  map  series  the  meter  values 
for  the  size  of  grids  used; 


Scale  1:500,000 
Scale  1:250,000 
Scale  1:100,000 
Scale  1:50,000 
Scale  1:25,000 


- 10,000  meter  grid  lines 

- 10,000  meter  grid  lines 

- 10,000  meter  grid  lines 

- 1,000  meter  grid  lines 

- 1,000  meter  grid  lines 


The  United  States  Geological  Survey  map  series  do  not  show  the 
UTM  grid  lines.  The  UTM  grid,  however,  is  indicated  by  ticks  in  the 
margins  of  the  maps.  The  following  lists  for  the  various  USGS  map 
series  the  meter  values  for  the  size  of  grids  used: 

Scale  1:250,000  - 10,000  meter  grid  ticks 
Scale  1:62,500  - 1,000  meter  grid  tick  (every  5th 

tick  shows  the  meter  value) 

Scale  1:24,000  - 1,000  meter  grid  tick  (every  5th 

tick  shows  the  meter  value) 


For  the  1:62,500  and  1:24,000  scale  maps,  the  meter  values  for  ticks 
nearest  the  southeast  and  northwest  comers  of  the  maps  are  also 
shown.  At  present,  only  a few  of  the  USGS  maps  show  the  UTM  grid 
information;  however,  to  facilitate  the  use  of  USGS  maps  by  civil 
defense  personnel,  USGS  will  henceforth  show  the  UTM  grid  information 
on  all  quadrangle  maps  published. 

On  the  map  of  the  United  States  - Scale  1:2,500,000  - prepared 
by  USGS  for  Office  of  Civil  and  Defense  Mobilization,  the  f\ill  grid 
lines  are  printed  in  red  at  intervals  of  100,000  meters.  Zone 
numbers  are  shown  at  the  top  and  bottom  of  the  map  opposite  the 
central  meridian  of  each  zone.  Each  central  meridian  carries  its 
easting  value,  500,000  meter,  at  both  ends,  and  the  northing  value 
is  shown  in  the  right  and  left  margins  for  each  1,000,000-meter  line. 
In  addition,  each  printed  line  is  labeled  with  a single  digit  to 
indicate  its  100,000-meter  value  within  the  larger  block.  Zone 
boundaries  are  shown  by  heavier  red  lines 4 
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EFFECTS  OF  MAP  SCAIES  ON  ACCURACY  OF  UTM  GRID  COORDINATE  READINGS 


The  degree  of  accuracy  of  a UTM  grid  coordinate  reading  depends 
on  the  scale  of  the  map  being  used.  In  general,  large  scale  maps 
furnish  UTM  grid  coordinate  readings  of  a higher  accuracy  than  amall 
scale  maps.  Maps  with  grids  of  1,CXX)  meter  squares  furnish  more 
accurate  UIM  grid  coordinate  readings  than  maps  with  grids  of  10,000 
meter  squares.  Likewise,  maps  with  grids  of  10,000  meter  squares 
furnish  more  accurate  UTM  grid  coordinate  readings  than  maps  with 
grids  of  100,000  meter  squares. 

The  following  grid  sqviares,  drawn  zo  scale,  illustrate  the  degree 
of  accuracy  of  a UTM  grid  coordinate  reading  that  can  be  achieved 
for  the  grids  of  100,000  meter  squares,  10,000  meter  squares  and 

1,000  meter  squares. 


100,000  meter  square 
OCDM  map  of  U.  S.  - 1:2,500,000  scale 


10,000  meter  grid  template.  Accuracy 
of  UTM  grid  coordinate  reading  - near- 
est 10,000  meters.  Higher  degree  of 
accuracy  achieved  by  interpolation  only. 


5,000  meter  grid  template.  Accuracy  of 
UTM  grid  coordinate  reading  - nearest 

5,000  meters.  Higher  degree  of  accuracy 
achieved  by  interpolation  only. 
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10,000  meter  square 
AMS  1:500,000  scale  maps 


10,000 

Meters 


T 

10,000 

Meters 


10,000 

Meters 


10,000 

Meters 


2,000  meter  grid  template.  Accuracy  of 
UTM  grid  coordinate  reading  - nearest 
2,000  meters.  Higher  degree  of  accu- 
racy achieved  by  interpolation  only. 


1,000  meter  grid  template.  Accuracy  of 
UTM  grid  coordinate  reading  - nearest 
1,000  meters.  Higher  degree  of  accuracy 
achieved  by  interpolation  only. 


10,000  meter  square 
AMS  and  USGS  - 1:250,000  scale  maps 


10,000 

Meters 


10,000 J 

Meters 


1,000  meter  grid  template.  Accuracy  of 
UTM  grid  coordinate  reading  - nearest 
1,000  meters.  Higher  degree  of  accu- 
racy achieved  by  interpolation  only. 


500  meter  grid  template.  Accuracy  of 
UTM  grid  coordinate  reading  - nearest 
500  meters.  Higher  degree  of  accuracy 
achieved  by  interpolation  only 
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1,000  meter  square 

A^6  - 1:50,000  and  1:25,000  scale  maps 
uses  - 1:62,500  and  1:24,000  or  1:31,680  scale  maps 


100  meter  grid  template.  Accuracy  of 
UTM  grid  coordinate  reading  - nearest 
100  meters.  Higher  degree  of  accuracy 
achieved  by  interpolation  only. 


Metric  Grid  Templates 


A map  containing  too  many  lines  not  only  looks  cluttered  but 
also  is  difficult  to  read*  Maps,  depicting  the  UTM  grid  systan 
(squares),  therefore,  do  not  contain  too  many  lines*  Thus,  maps 
vfith  scales  of  1:1,000,000,  1:1,500,000,  1:2,500,000  or  more 
usually  show  only  100,000  meter  squares*  Maps  with  scales  of 
1:100,000,  1:250,000  and  1:500,000  usually  show  only  10,000  meter 
squares*  Maps  with  scales  of  1:24,000,  1:25,000,  1:31,680, 

1:50,000  and  1:62,500  usually  show  only  1,000  meter  squares* 

Since  point  locations  on  a map  are  usually  located  within  a 
grid  square,  to  obtain  a U'lM  grid  coordinate  often  requires  visual 
interpolation,  that  is  estimating  by  eye  the  number  of  meters  a 
point  is  located  frc«i  the  nearest  northing  and  easting  grid  lines* 

To  eliminate  the  process  of  visual  interpolation  and  facilitate 
the  reading  of  UTM  grid  coordinates  it  is  advisable  to  develop 
translucent  metric  grid  templates*  The  illustrations  on  pages 
89  and  90  (12*11  and  12*12)  are  grid  templates,  drawn  to  scale,  which 
may  be  used  for  developing  translucent  templates* 
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HOW  TO  READ  THE  UTM  GRID  COORDINATES 


The  UTM  Grid  sTstem  is  a series  of  squares  superimposed  on  the 
rectangular  coordinates  of  the  map  projection.  The  northing  and 
easting  grid  lines  form  the  squares,  and  vrtiere  they  intersect  they 
form  a "grid  coordinate".  The  location  of  a point  on  the  map, 
therefore,  is  identified  by  its  "grid  coordinates".  The  "grid 
coordinates"  of  a point  comprise  three  elements:  1.  the  UTM  zone 

number  within  which  the  point  is  located  2.  the  number  of  meters 
it  is  located  from  the  equator  (its  northing  metric  value)  and 
3.  the  number  of  meters  firom  the  left  boxmdary  of  the  zone  within 
which  it  is  located  (its  easting  metric  value).  Since  each  UTM 
zone  is  identified  by  numerals  and  the  northing  and  easting  metric 
values  are  also  expressed  in  numerals,  the  "grid  coordinates"  of  a 
point  are  all  expressed  in  numerals.  OCDM  does  not  employ  alpha- 
betic letters  for  identifying  the  "grid  coordinates”  of  a point. 
Although  the  military  utilizes  a combination  of  alphabetic  letters 
and  numerals  for  identifying  the  UTM  grid  coordinates  of  a point, 
OCDM  utilizes  all  numerals  because  electronic  computers,  which 
OCDM  employs  for  damage  assessment  purposes,  cannot  measure  dis- 
tances unless  the  "grid  coordinates”  of  locations  are  all  expressed 
in  meters.  Alphabetic  letters,  unlike  numbers,  do  not  express 
metric  values  in  meters. 

The  UTM  "Grid  coordinates”  of  a point  on  a U.S.  map  may  be 
expressed  to  the  nearest  meter  as  a fifteen-digit  number.  The 
first  two  digits  represent  the  zone  number;  the  next  seven  digits 
represent  the  number  of  meters  from  the  equator  (northing)  and  the 
last  six  digits  represent  the  number  of  meters  from  the  left 
boiindary  of  the  zone  in  which  the  point  is  located.  It  is  OCDM 
practice,  however,  to  identify  the  "grid  coordinates”  of  point  on 
a U.S.  map  to  the  nearest  northing  100  meter  value  and  easting  100 
meter  value  since  all  "grid  coordinates”  of  locations  within  the 
OCDM  damage  assessment  system  have  been  identified  to  the  nearest 
northing  100  meter  value  and  easting  100  meter  value.  Thus,  OCDM 
"grid  coordinates”  are  customarily  identified  by  an  eleven  (11) 
digit  number.  The  first  two  numbers  represent  the  zone  number, 
the  next  five  digits  represent  the  northing  metric  value  and  the 
next  four  digits  represent  the  easting  metric  value.  The  three 
separate  elements  of  a "grid  coordinate”  are  hyphenated  so  that  the 
zone,  northing,  and  easting  will  be  easily  identified, 
viz.,  14-44000-7400. 

OCDM  records  a UTM  "grid  coordinate"  by  listing:  first,  the 

zone  numbers;  second,  the  northing  metric  value,  that  is  by  reading 
up;  third,  the  easting  metric  value,  that  is  by  reading  across. 

The  military,  however,  record  a UTM  "grid  coordinate"  by  listing: 
first,  the  zone  numbers;  second,  the  easting  metric  value  (alpha- 
betic letters  and  numbers),  that  is  by  reading  across;  third,  the 
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northing  metric  value  (alphabetic  letters  and  nximbers),  that  is  by 
reading  up.  The  reason  OCDM  reads  and  records  first  up  and  then 
across,  rather  than  first  across  and  then  up  as  the  military  do,  is 
because  it  enables  an  electronic  computer  to  facilitate  the  compu- 
tations • 

The  following  illustration  (figure  8)  visually  depicts  how  a 
UTM  grid  coordinate  is  read  and  recorded  in  accordance  with  OCDM 
practice  and  procedure. 
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Figure  8 


To  read  and  record  the  UTM  grid  coordinate  of  point  "P",  it  is 
necessary  to  note  distance  in  meters  at  map  scale,  between  any  map 
point  and  the  nearest  grid  lines  to  the  south  and  west.  The  "northing" 
of  point  "P"  is  the  value  of  the  grid  line  just  south  of  it  plus  its 
distance  north  of  that  line.  The  grid  value  of  line  B-B  is 
4,276,000  N.  Thus,  the  northing  of  "P"  is  4,276,200.  The  "easting" 
of  point  "P"  is  the  value  of  the  grid  line  just  west  of  it  plus  its 
distance  east  of  the  line.  The  grid  value  of  line  A-A  is  357,000  E. 
Thus,  the  easting  of  "P"  is  357,400.  The  grid  coordinates  of  point 
"P",  therefore,  is  14-42762-3574. 
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Explanation  and  Use  of  the  World  Geographic 
Reference  System  (GEOREF) 

The  World  Geographic  Reference  System  (abbreviated  GEOREF)  is  a grid  reference 
system  which  enables  anyone  to  identify  a location  anywhere  on  the  earth  with  a 
relatively  high  degree  of  accuracy  depending  on  the  scale  of  the  map  employed.  On  a 
small  scale  map,  such  as  the  OCDM  map  of  the  United  States  - scale  1:2,500,000,  the 
degree  of  accuracy  is  approx±nately  within  10  by  10  miles;  on  very  large  scale  maps, 
however,  a degree  of  accuracy  within  1 by  1 mile  may  be  achieved,  if  required. 


The  GEOREF  system  is  based  on  the  principle  of  division  and  subdivision. 

Figure  1 depicts  a CffiOREE  map. 

WORLD  GEOGRAPHIC  REFERENCE  SYSTEM  (GEOREF) 
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In  constructing  a GEOREF  system,  the  entire  surface  of  the  globe 
is  divided  into  12  latitude  bands  (each  band  comprising  15®)  and 
24  longitude  zones  (each  zone  comprising  15®)  thus  creating  288 
quadrangles.  Each  quadrangle  comprises  15®  latitude  by  15®  longitude. 
The  intersection  of  the  South  Pole  and  the  180®  meridian  is  the  base 
reference  point  for  designating  the  15®  longitude  zones.  The  24 
longitude  zones  stretch  north-south  from  the  North  Pole  to  the 
South  Pole.  Each  of  the  24  longitude  zones  is  identified  by  an 
alphabetic  letter.  Starting  at  the  180*  meridian,  the  first  longi- 
tude zone  is  identified  "A”,  the  next  ”B"  and  so  forth  - from  left 
to  right.  The  letters  "I”  and  "0”  are  not  used  for  identification 
purposes  because  ”1"  is  confused  with  a Roman  numeral  and  "0"  is 
confused  with  zero  and  the  letter  ”Q”.  Figure  2 identifies  the 
individual  longitude  zones.  The  12  latitude  bands,  parallel  to  the 
eqxiator,  stretch  from  west  to  east.  Each  15®  latitude  band  is 
identified  by  an  alphabetic  letter.  Starting  at  the  bottom,  the 
first  latitude  band  is  identified  by  the  letter  ”A",  the  next 
and  so  forth  through  ”M”.  The  letter  ”1”  is  omitted.  Figure  1 
identifies  the  individual  latitude  bands. 

Each  15®  latitude  by  15®  longitude  quadrangle  is  identified  by 
two  alphabetic  letters.  The  first  alphabetic  letter  represents  the 
longitude  zone;  the  second  alphabetic  letter  represents  the  lati- 
tude band.  Thus,  for  example,  the  shaded  quadrangle  on  Figure  1 is 
identified  as  "EJ”.  Figure  2 shows  the  identification  of  each  of 
the  288  quadrangles. 

Each  15®  latitude  by  15®  longitude  is  approximately  900  miles 
by  900  miles  or  81,000  square  miles.  (One  degree  is  approximately 
60  miles.) 

Each  of  the  15®  latitude  by  15®  longitude  quadrangles  can  be 
subdivided  into  15  latitude  bands  (each  band  ccaiprising  1®)  and 
15  longitude  zones  (each  zone  comprising  1®)  thus  creating  225 
segments  - each  segment  being  1®  latitude  by  1®  longitude.  The  1® 
latitude  by  1®  longitude  segments,  similar  to  the  15®  latitude  by 
15®  longitude  quadrangles,  are  also  identified  by  two  alphabetic 
letters.  Starting  at  the  left-hand  comer,  the  first  1®  longitude 
zone  is  identified  as  "A”,  the  next  as  '*B”  and  so  forth  through 
"Q"  - going  from  left  to  right.  In  similar  manner,  the  1®  latitude 
bands  are  also  identified  as  "A”  through  ”Q”  - going  up  frcan  the 
bottom  to  the  top.  The  letters  ”1”  and  ”0”  are  not  used  for  iden- 
tification purposes.  Each  irdividual  1®  latitude  by  1®  longitude 
segment  is  also  assigned  two  alphabetic  letters.  The  first 
alphabetic  letter  represents  the  longitude  zone;  the  second  alpha- 
betic letter  represents  the  latitude  band. 
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World  Geographic  Reference  System  (GEOREF) 


Schematic 
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Figure  3 


The  1*  latitude  by  1*  longitude  segments  are  identified  by  the 
use  of  four  alphabetic  letters.  The  first  two  alphabetic  letters 
identify  the  15*  latitude  by  15*  longitude  quadrangle;  the  second 
two  alphabetic  letters  identify  the  1*  latitude  by  1*  longitude 
segment.  Thus,  for  example,  the  1*  latitude  by  1*  longitude  shaded 
segment  shown  on  Figure  3 is  identified  as  •’EJHG”.  Figure  3 depicts 
the  15*  latitude  by  15*  longitude  "EJ"  quadrangle  subdivided  into 
1*  latitude  by  1*  longitude  segments.  Each  segment  is  approximately 
60  miles  by  60  miles  or  3,600  miles  (l*  is  about  60  miles). 

The  1*  latitude  by  1*  longitude  segments,  if  desired,  may  be 
further  subdivided  into  6 latitude  bands  (each  band  comprising  10*) 
and  6 longitude  zones  (each  zone  comprising  10 »)  thus  creating  36 
blocks  - each  block  being  10*  latitude  by  10*  longitude.  Thus,  for 
example.  Figure  4 depicts  the  subdivision  of  segment  ‘»EJHG”  into  36 
blocks.  Each  10*  latitude  by  10*  longitude  block  is  identified  by 
the  use  of  a two-digit  numeral.  The  first  numeral  identifies  the 
10*  longitude  zone;  the  second  numeral  identifies  the  10*  latitude 
band.  The  numeral  scheme  employed  is  depicted  in  Figure  4.  Each 
10*  latitude  by  10*  longitude  block  is  approximately  10  miles  by 
10  miles  or  100  square  miles. 
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The  10*  latl'tude  by  10*  longibude  blocks  are  idenbiried  by  the  use  of 
four  alphabetic  letters  and  two  numeral  digits.  Thus,  for  example, 
the  10*  latitude  by  10*  longitude  shaded  block  shown  on  Figure  A.  is 
identified  as  "EJHG34". 

Each  10*  latitude  by  10*  longitude  block  may  be  further  subdivided 
if  a higher  degree  of  accuracy  is  desired.  However,  Nuclear  Detona- 
tion (NUDET)  reports,  transmitted  by  military  organizations,  usually 
do  not  utilize  more  than  four  alphabetic  letters  and  two  numerals. 
Therefore,  the  subdivision  of  10*  latitude  by  10*  longitude  blocks  is 
not  required. 

When  transmitting  orally  GEOREF  information,  the  phonetic 
alphabet  is  used  since  the  alphabetic  letters  **B**  and  **P”;  ”C"  and 
"Z";  "D**  and  ”T”;  and  **E"  and  '’G**  sound  almost  identical  when  trans- 
mitted orally.  By  using  the  phonetic  alphabet,  however,  errors  in 
transmitting  grid  coordinates  are  eliminated.  In  the  phonetic 
alphabet,  each  letter  is  assigned  a phonetic  word  which  is  distinct 
in  sound  and  different  frcan  any  other  word  used.  Thus,  for  example, 
"EJHG  34”  would  be  transmitted  as  follows: 

Echo  Juliet  Hotel  Golf  3(Thu-Ree)  4(Fo-wer) 


The  Phonetic  Alphabet  is  as  follows: 

A - Alfa 

J - Juliet 

S - Sierra 

B - Bravo 

K - Kilo 

T - Tango 

C - Charlie 

L - Lima 

U - Uniform 

D - Beta 

M - Mike 

V - Victor 

E - Echo 

N - November 

W - Whiskey 

F - Foxtrot 

0 - Oscar 

X - X-Ray 

G - Golf 

P - Papa 

Y - Yankee 

H - Hotel 

Q - Quebec 

Z - Zulu 

I - India 

R - Romeo 

When  the  numbers 
follows: 

are  communicated  orally. 

, they  are  pronounced 

0 - Zee-Row 

5 r Fi-yiv 

1 - Wun 

6 - Six 

2 - Too 

7 - Sev-ven 

3 - Thu-Ree 

8 - Ait 

4 - Fo-wer 

9 - Ni-ner 

B-/  / 


General  Highway  Hi^s 


These  maps  are  prepared  by  the  State  Highway  Departments  In  cooperation 
with  the  U.  S,  Department  of  Connierce,  Bureau  of  Public  Roads.  The  General 
Highway  Maps  are  county  maps  and  show  cultural  features,  including  railroads, 
roads,  political  boundaries,  dwelling  and  farm  units,  groups  of  buildings,  hotels, 
schools,  churches,  airports,  and  so  forth.  The  projection  used  is  polyconic  and 
the  maps  are  priiblished  in  different  scales.  However,  the  one  inch  equals  one  mile 
scale  should  bo  obtained  because  it  presents  the  detailed  information  indicated  on 
the  maps  sufficiently  large  to  be  easily  seen. 

General  Highway  Maps  are  usually  not  as  accurate  as  the  USGS  or  AMS 
quadrangles.  However,  because  of  the  detailed  information  shown  on  them  for 
counties,  those  maps  will  be  found  very  useful  for  support  planning  purposes. 
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Region  1 

United  States  Qeological  Survey  and 
Army  Map  Service  Quadrangles 

1;2‘»0.000  Scale 

RESION 


QUADRANMZ  QUADRANGLE  QUADRANGLE  QUADRANGI£  QUADRANGLE  QUADRANGLE 

NAME  NUMBER  NAME  NUMBER NAME  NUMBER 


Albany 

NI 

- 

la-  6 

Houlton 

NL  - 

19-  6 

Providence 

NK 

_ 

19-  7 

Bangor 

NL 

- 

19-n 

Jackman 

NL  - 

19-  7 

Quebec 

NL 

- 

19-  4 

Bath 

NK 

- 

19-  2 

Kingston 

NL  - 

18-10 

Rochester 

NK 

- 

18-  1 

Binghamton 

NK 

- 

18-  5 

Lake  Champlain 

NL  - 

18-12 

Salisbury 

NJ 

- 

18-  5 

Boston 

NK 

- 

19-  4 

Levfiston 

NL  - 

19-10 

Scranton 

NK 

- 

18-  8 

Buffalo 

NK 

- 

17-  6 

Millinocket 

NL  - 

19-  8 

Toronto 

NK 

- 

17-  3 

Calais 

NL 

- 

19-  9 

Newark 

NK  - 

18-11 

Utica 

NK 

- 

18-  2 

Eastport 

NH 

- 

19-12 

New  York 

NK  - 

18-12 

Van  Buren 

NL 

- 

19-  3 

Elmira 

NK 

- 

18-  4 

Ogdenburg 

NL  - 

18-11 

Wilmington 

NJ 

- 

18-  2 

Glen  Falls 

NK 

- 

18-  3 

Portland 

NK  - 

19-  1 

Hartford 

NK 

- 

18-  9 

Presque  Isle 

NL  - 

19-  5 

STATES  WITHIN  REGION 


QUADRANGLE 

NAME 

QUADRANGIE 

NUMBER 

QUADRANGIE 

NAME 

QUADRANGIE 

NUMBER 

QUADRANGLE 

NAME 

QUADRANGIE 

NUMBER 

Conhecticut 

New  Hampshire 

New  York 

Boston 

NK  - 

19-  4 

Albany 

NK  - 

18-  6 

(cont’d) 

Hartford 

NK  - 

18-  9 

Boston 

NK  - 

19-  4 

Ogdenbxirg 

NL  - 18-11 

New  York 

NK  - 

18-12 

Glens  Falls 

NK  - 

18-  3 

Rochester 

NK  - 18-  1 

Providence 

NK  - 

19-  7 

Jackman 

NL  - 

19-  7 

Scranton 

NK  - 18-  8 

Lake  Champlain  NL  - 

18-12 

Toronto 

NK  - 17-  3 

Maine 

Lewiston 

NL  - 

19-10 

Utica 

NK  - 18-  2 

Bangor 

NL  - 

19-11 

Portland 

NK  - 

19-  1 

Williamsport 

NK  - 18-  7 

Bath 

NK  - 

19-  2 

Boston 

NK  - 

19-  4 

New  Jersey 

Rhode  Island 

Calais 

NL  - 

19-  9 

Newark 

NK  - 

18-11 

Boston 

NK  - 19-  4 

Eastport 

NL  - 

19-12 

New  York 

NK  - 

18-12 

Providence 

NK  - 19-  7 

Ft.  Kent 

NL  - 

19-  2 

Salisbury 

NJ  - 

18-  5 

Houlton 

NL  - 

19-  6 

Scranton 

NK  - 

18-  5 

Vermont 

Jackman 

NL  - 

19-  7 

Wilmington 

NJ  - 

18-  2 

Albany 

NK  - 18-  6 

Lewiston 

NL  - 

19-10 

Glen  Falls 

NK  - 18-  3 

Millinocket 

NL  - 

19-  8 

Now  York 

Lake  Champlain 

NL  - 18-12 

Portland 

NK  - 

19-  1 

Albany 

NK  - 

18-  6 

Lewiston 

NL  - 19-10 

Presque  Isle 

NL  - 

19-  5 

Binghampton 

NK  - 

18-  5 

Quebec 

NL  - 

19-  4 

Buffalo 

NK  - 

17-  6 

Van  Buren 

NL  - 

19-  3 

Elmira 

NK  - 

18-  4 

Glen  Falls 

NK  - 

18-  3 

Massachusetts 

Hartford 

NK  - 

18-  9 

Albany 

NK  - 

18-  6 

Kingston 

NL  - 

18-10 

Boston 

NK  - 

19-  4 

Lake  Champlain  NL  - 

18-12 

Hartford 

NK  - 

18-  9 

Newark 

NK  - 

18-11 

Providence 

NK  - 

19-  7 

New  York 

NK  - 

18-12 

B-80 


I 

I 


B-81 


Region  2 

United  States  Geological  Survey  and 
Army  Map  Seirvice  Quadrangles 

1:250,000  Scale 

REGION 


QUADRANGLE 

NAME 


QUADRANGLE  QUADRANGLE 
NUMBER  NAME 


QUADRANGLE  QUADRANGLE 
NUMBER  NAME 


QUADRANGLE 

NUMBER 


Baltimore  NJ 
Bluefield  NJ 
Buffalo  NK 
Canton  NK 
Charleston  NJ 
Charlottesville  NJ 


NK  . 


Cincinnati 

Clarksburg 


17-  5 Paducah 
16-  S Pittsburgh 

16-  9 Richmond 

17- 12  Roanoke 

18- 10  Salisbury 
17-  4 Scranton 
17-  7 Toledo 

- 17-  2 Johnson  City  NJ  - 17-10  Vincennes 


18-  1 Erie 
17-  8 Evansville  NJ  - 

17-  6 Fort  Wayne  NK  - 

17-11  Greensboro  NJ  ■ 

17-  5 Harrisburg  NK  ■ 

17-  6 Hxmtington  NJ  - 

16-  3 Jenkins  NJ  - 


NJ 

NK 

NJ 

NJ 

NJ 

NK 

NK 


16-  7 
17-12 
18-  7 

17-  9 

18-  5 
18-  8 
17-  7 


NJ  - 16-  5 


Cleveland 

NK 

- 17-  8 Louisville 

NJ  - 

16-  6 Warren 

NK  - 17' 

Columbus 

NJ 

- 17-  1 Marion 

NK  - 

17-10  Washington, 

, D, 

.c, 

, NJ  - 18- 

Corbin 

NJ 

- 16-  2 Muncie 

NK  - 

16-12  Williamsport 

NK  - 18- 

Cumberland  NH 

- 17-  3 Nashville 

NJ  - 

16-11  Wilmington 

NJ  - 18- 

Dyersburg 

NJ 

- 16-10  Newark 

NK  - 

18-11  Winchester 

NJ  - 16- 

Eastville 

NJ 

- 18-5,  Norfolk 
n 

NJ  - 

18-10  Winston-Salem 

NJ  - 17- 

STATES  WITHIN  REGION 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

NAME 

NUMBEiR 

NAME 

NUMBER 

Delaware 

Ohio 

Virginia 

Salisbury 

NJ 

- 18-  5 

Canton 

NK  - 

17-H 

Baltimore 

NJ 

- 

18-  1 

Wilmington 

NJ 

- 18-  2 

Charleston 

NJ  - 

17-  5 

Bluefield 

NJ 

- 

17-  8 

Cincinnati 

NJ  - 

16-  3 

Charlottesville 

NJ 

- 

17-  6 

Kentucky 

Clarksburg 

NJ  - 

17-  2 

Cvnnberland 

NJ 

- 

17-  3 

Bluefield 

NI 

- 17-  9 

Cleveland 

NK  - 

17-  8 

Eastville 

NJ 

- 

18-8,11 

Cincinnati 

NJ 

-16-3 

Columbus 

NJ  - 

17-  1 

Greensboro 

NJ 

- 

17-12 

Corbin 

NJ 

- 16-12 

Ft.  Wayne 

NK  - 

16-  9 

Jenkins 

NI 

- 

17-  7 

Dyersburg 

NJ 

- 16-10 

Huntington 

NJ  - 

17-  4 

Johnson  City 

NI 

- 

17-10 

Evansville 

NJ 

-16-8 

Louisville 

NJ  - 

16-  6 

Norfolk 

NJ 

- 

18-10 

Huntington 

NJ 

- 17-  4 

Marion 

NK  - 

17-10 

Richmond 

NJ 

- 

18-  7 

Jenkins 

NI 

- 17-  7 

Muncie 

NK  - 

16-12 

Roanoke 

NJ 

- 

17-  9 

Johnson  City  NI 

- 17-10 

Toledo 

NK  - 

17-  7 

Washington,  D.C.NJ 

- 

18-  4 

Louisville 

NJ 

- 16-  6 

Winston-Salem 

NJ 

- 

17-11 

Nashville 

NJ 

- 16-11 

Pennsylvania 

Paducah 

NJ 

-16-7 

Baltimore 

NJ'  - 

18-  1 

West  Virginia 

Vincennes, 

NJ 

-16-5 

Buffalo 

NK  - 

17-  6 

Baltimore 

NJ 

- 

18-  1 

Winchester 

NJ 

-16-9 

Canton 

NK  - 

17-11 

Bluefield 

NJ 

- 

17-  8 

Clarksburg 

NJ  - 

17-  2 

Canton 

NK 

- 

17-11 

Maryland 

Cleveland 

NK  - 

17-  8 

Charleston 

NJ 

- 

17-  5 

Baltimore 

NJ 

-18-1 

Cumberland 

NJ  - 

17-  3 

Charlottesville  NJ 

- 

17-  6 

Cumberland 

NJ 

- 17-  3 

Erie 

NK  - 

17-  5 

Clarksburg 

NJ 

- 

17-  2 

Eastville 

NJ 

- 18-8, 

Harrisburg 

NK  - 

18-10 

Cumberland 

NJ 

- 

17-  3 

11 

Newark 

NK  - 

18-11 

Huntington 

NJ 

- 

17-  4 

Richmond 

NJ 

-18-7 

Pittsburgh 

NK  - 

17-12 

Jenkins 

NI 

- 

17-  7 

Salisbury 

NJ 

- 18-  5 

Scranton 

NK  - 

18-  8 

Roanoke 

NI 

- 

17-  9 

Washington 

NJ 

- 18-  4 

Warren 

NK  - 

17-  9 

Wilmington 

NJ 

- 18-  2 

Williamsport  NK  - 

18-  7 

Wilmington 

NJ  - 

18-  2 

B-82 


B-83 


Region  3 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 


1:250,CXX)  Scale 
REGION 


QUADRANGLE 

NAME 

QUADRANGLE 

NUMBER 

QUADRANGLE 

NAME 

QUADRANGIE  QUADRANGLE 
NUMBER  NAME 

QUADRANGLE 

NUMBER 

Andalusia 

NH 

_ 

16-  2 

Gadsden 

NI 

_ 

16-  5 

Norfolk 

NJ 

_ 

18-10 

Apalachicola 

NH 

- 

16-  9 

Gainesville 

NH 

- 

17-  7 

Orlando 

NH 

- 

17-11 

Athens 

NI 

- 

17-  7 

Georgeto>m 

NI 

- 

17-  9 

Pensacola 

NH 

- 

16-  5 

Atlanta 

NI 

- 

16-  9 

Greensboro 

NJ 

- 

17-12 

Phenix  City 

NI 

- 

16-12 

Augusta 

NI 

- 

17-  8 

Greenville 

NI 

- 

17-  4 

Plant  City 

NH 

- 

17-10 

Beaufort 

NI 

- 

18-  4 

Greenwood 

NI 

- 

15-  9 

Raleigh 

NI 

- 

17-  3 

Birmingham 

NI 

- 

16-  8 

Hattiesburg 

NH 

- 

16-  1 

Richmond 

NJ 

- 

18-  7 

Blytheville 

NI 

- 

16-  1 

Jackson 

NI 

- 

15-12 

Rocky  Mount 

NI 

- 

18-  1 

Breton  Sound 

NH 

- 

16-  7 

Jacksonville 

NH 

- 

17-  5 

Rome 

NI 

- 

16-  6 

Brunswick 

NH 

- 

17-  2 

James  Island 

NI 

- 

17-12 

Savannah 

NI 

- 

17-11 

Charlotte 

NI 

- 

17-  2 

Johnson  City 

NJ 

- 

17-10 

Spartanburg 

NI 

- 

17-  5 

Chattanooga 

NI 

- 

16-  3 

Key  West 

NH 

- 

17-11 

Tallahassee 

NH 

- 

16-  6 

Columbia 

NI 

- 

16-  2 

Knoxville 

NI 

- 

17-  1 

Tampa 

NG 

_ 

17-1,4 

Corbin 

NJ 

- 

16-12 

Macon 

NI 

- 

17-10 

Tupelo 

NI 

- 

16-  4 

Daytona  Beach 

NH 

- 

17-  8 

Meridian 

NI 

- 

16-10 

Valdosta 

NH 

- 

17-  4 

Dyersburg 

NJ 

- 

16-10 

Miami. 

NG 

- 

17-  8 

Wanchese 

NI 

- 

18-  2 

Dothan 

NH 

- 

16-  3 

Mobile 

NH 

- 

16-  4 

Waycross 

NH 

- 

17-  1 

Eastville 

NJ 

- 

18-8,11  Montgomery 

NI 

- 

16-11 

West  Palm  Beach 

NG 

- 

17-  5 

Florence 

NI 

- 

17-  6 

Nashville 

NJ 

- 

16-11 

West  Point 

NI 

- 

16-  7 

Fort  Pierce 

NG 

17-  2 

Natchez 

STATES 

NH  - 15-  3 Winston-Salem 
WITHIN  REGION 

NJ 

17-H 

QUADRANGLE  QUADRANGLE  QUADRANGLE 

NAME  NUMBER  NAME 


QUADRANGLE 

NUMBER 


QUADRANGLE 

NAME 


QUADRANGLE 

NUMBER 


Alabaina  Florida  (cont*d)  Mississippi 


Andalusia 

NH 

- 

16-  2 

Pensacola 

NH  - 16-  5 

Baton  Rouge 

NH 

_ 

15-  6 

Atlanta 

NI 

- 

16-  9 

Plant  City 

NH  - 17-10 

Breton  Sound 

NH 

- 

16-  7 

Birmingham 

NI 

- 

16-  8 

Tallahassee 

NH  - 16-  6 

Gireenwood 

NI 

_ 

15-  9 

Dothan 

NH 

- 

16-  3 

Tampa 

NG  - 17-1,4 

Hattiesbiirg 

NH 

- 

16-  1 

Gadsden 

NI 

- 

16-  5 

Valdosta 

NH  - 17-  4 

Helena 

NI 

_ 

15-  6 

Hattiesburg 

NH 

- 

16-  1 

West  Palm  Beach 

NG  - 17-  5 

Jackson 

NI 

_ 

15-12 

Meridian 

NI 

- 

16-10 

Meridian 

NI 

_ 

16-10 

Mobile 

NH 

- 

16-  4 

Georgia 

Mobile 

NH 

- 

16-  4 

Montgomery 

NI 

- 

16-11 

Athens 

NI  - 17-  7 

Natchez 

NH 

_ 

15-  3 

Pensacola 

NH 

- 

16-  5 

Atlanta 

NI  - 16-  9 

Tupelo 

NI 

_ 

16-  4 

Phenix  City 

NI 

- 

16-12 

Augusta 

NI  - 17-  8 

West  Point 

NI 

_ 

16-  7 

Rome 

NI 

- 

16-  6 

Brunswick 

NH  - 17-  2 

Tupelo 

NI 

- 

16-  4 

Dothan 

NH  - 16-  3 

North  Carolina 

West  Point 

NI 

- 

16-  7 

Greenville 

NI  - 17-  4 

Beaufort 

NI 

_ 

18-  4 

Jacksonville 

NH  - 17-  5 

Charlotte 

NI 

_ 

17-  2 

Florida 

Macon 

NI  - 17-10 

Chattanooga 

NI 

- 

16-  3 

Apalachicola  NH 

- 

16-  9 

Phenix  City 

NI  - 16-12 

Eastville 

NJ 

- 

18-8,11 

DaytonaBeach  NH 

- 

17-  8 

Rc»ne 

NI  - 16-  6 

Florence 

NI 

_ 

17-  6 

Dothan 

NH 

- 

16-  3 

Savannah 

NI  - 17-11 

Georgetown 

NI 

- 

17-  9 

Ft.  Pierce 

NG 

- 

17-  2 

Tallahassee 

NH  - 16-  6 

Greensboro 

NJ 

_ 

17-12 

Gainesville 

NH 

- 

17-  7 

Valdosta 

NH  - 17-  4 

Johnson  City 

NI 

_ 

17-10 

Jacksonville  Nil 

- 

17-  5 

Waycross 

NH  - 17-  1 

Knoxville 

NI 

_ 

17-  1 

Key  West 

NG 

- 

17-11 

Norfolk 

NJ 

_ 

18-10 

Miami 

NG 

’7-  8 

■o  ftZl 

Raleigh 

NI 

- 

17-  3 

Orlando 

NH 

- 

i7-ll 

5-0*+ 

Rocky  Mount 

NI 

- 

18-  1 

Region  3 (cont*d) 

United  States  Geological  Survey  and 
Amy  Map  Service^  Quadrangles 

1:250,000  Scale 

STATES  WITHIN  REGION 


QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

North  C€LTolina  (cont*d) 

Spartansburg 

NI  - 17-  5 

Wanchese 

NI  - 18-  2 

Winston-Salem 

NJ  - 17-11 

South  Carolina 

Athens 

NI  - 17-  7 

Augusta 

NI  - 17-  8 

Charlotte 

NI  - 17-  2 

Florence 

NI  - 17-  6 

Greenville 

NI  - 17-  4 

Georgetown 

NI  - 17-  9 

James  Island 

NI  - 17-12 

Knoxville 

NI  - 17-  1 

Spartansburg 

NI  - 17-  5 

Savannah 

NI  - 17-11 

Tennessee 

Blytheville 

NI  - 16-  1 

Chattanooga 

NI  - 16-  3 

Columbia 

NI  - 16-  2 

Corbin 

NJ  - 1^12 

Dyersburg 

NJ  - 16-10 

Johnson  C^-ty 

NI  - 17-10 

Knoxville 

NI  - 17-  1 

Memphis 

NI  - 15-  3 

Nashville 

NJ  - 16-11 

Winston-Salem 

NJ  - 17-11 

B-85 


B 86 


Region  4 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 

1:250,000  Scale 

REGION 


QUADRANGLE  QUADRANGIE  QUADRANGLE  QUADRANGLE  QUADRANGLE  QUADRANGLE 

NAME  NUMBER  NAME  NUMBER  NAME  NUIffiER 


Alpena 

NL 

_ 

17-  4 

Grand  Rapids 

NK 

- 

16-  6 

Muncie 

NK 

_ 

16-12 

Ashland 

NL 

_ 

15-  6 

Green  Bay 

NL 

- 

16-10 

Nebraska  City 

NK 

- 

15-10 

Aurora 

NK 

_ 

1^^  7 

Hancock 

NL 

- 

16-  1 

Paducah 

NJ 

- 

16-  7 

Belleville 

NJ 

_ 

16-  4 

Harrison 

NJ 

- 

15-11 

Peoria 

NK 

- 

16-10 

Blytheville 

NI 

- 

16-  1 

Indianapolis 

NJ 

- 

16-  2 

Popular  Bluff 

NJ 

- 

15-12 

Burlington 

NK 

- 

15-12 

Iron  Mountain 

NL 

- 

16-  7 

Quincy 

NJ 

- 

15-  3 

Centerville 

NK 

_ 

15-11 

Iron  River 

NL 

- 

16-  4 

Racine 

NK 

- 

16-  5 

Chicago 

NK 

_ 

16-  8 

Jefferson  City 

NJ 

- 

15-  5 

Rice  Lake 

NL 

- 

15-  9 

Cincinnati 

NJ 

- 

16-  3 

Joplin 

NJ 

- 

15-  7 

Rockford 

NK 

- 

16-  4 

Danville 

NK 

- 

10-11 

Kansas  City 

NJ 

- 

15-  1 

Rolla 

NJ 

- 

15-  9 

Davenport 

NK 

- 

15-  9 

La  Crosse 

NK 

- 

15-  3 

Springfield 

NJ 

- 

15-  8 

Decatur 

NJ 

- 

16-  1 

Lawrence 

NJ 

- 

15-  4 

Stillwater 

NL 

- 

15-  8 

Detroit 

NK 

_ 

17-  4 

Louisville 

NJ 

_ 

16-  6 

St.  Louis 

NJ 

- 

15-  6 

Dubuque 

NK 

_ 

15-  6 

Madison 

NK 

_ 

16-  1 

St.  Paul 

NL 

- 

15-11 

Duluth 

NL 

- 

15-  6 

Manitowac 

NL 

_ 

16-11 

Tawas  City 

NL 

- 

17-  7 

Dyersburg 

NJ 

- 

16-10 

Marquette 

NL 

- 

16-  5 

Toledo 

NK 

- 

17-  7 

Eau  Clair 

NL 

- 

15-12 

Memphis 

NI 

- 

15-  3 

Traverse  City 

NL 

- 

16-12 

Escanaba 

NL 

_ 

16-  8 

Midland 

NK 

_ 

16-  3 

Tulsa 

NJ 

- 

15-10 

Evansville 

NJ 

- 

16-  8 

Milwaukee 

NK 

_ 

16-  2 

Two  Harbors 

NL 

- 

15-  3 

Flint 

NK 

- 

17-  1 

Moberly 

NJ 

- 

15-  2 

Vincennes 

NJ 

- 

16-  5 

Fort  Wayne  NK  - 16-  9 


STATES  WITHIN  REGION 


QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Illinois 

Indiana 

Michigan  (cont*d) 

Aurora 

NK 

- 

16-  7 

Chicago 

NK 

- 

16-  8 

Ft.  Wayne 

NK  - 16-  9 

Belleville 

NJ 

- 

16-  4 

Cincinnati 

NJ 

- 

16-  3 

Grand  Rapids 

NK  - 16-  6 

Burlington 

NK 

- 

15-12 

Danville 

NK 

- 

16-11 

Hancock 

NL  - 16-  1 

Chicago 

NK 

- 

16-  8 

Evansville 

NJ 

_ 

16-  8 

Iron  Mountain 

NL  - 16-  7 

Danville 

NK 

- 

16-11 

Ft.  Wayne 

NK 

- 

16-  9 

Iron  River 

NL  - 16-  4 

Davenport 

NK 

- 

15-  9 

Indianapolis 

NJ 

- 

16-  2 

Manitowac 

NL  - 16-11 

Decatur 

NJ 

- 

16-  1 

Louisville 

NJ 

- 

16-  6 

Marquette 

NL  - 16-  5 

Dubuque 

NK 

- 

15-  6 

Muncie 

NK 

- 

16-12 

Midland 

NK  - 16-  3 

Evansville 

NJ 

- 

16-  8 

Paducah 

NJ 

- 

16-  7 

Milwaukee 

NK  - 16-  2 

Indianapolis  NJ 

- 

16-  2 

Vincennes 

NJ 

- 

16-  5 

Racine 

NK  - 16-  5 

Paducah 

NJ 

- 

16-  7 

Tawas  City 

NL  - 17-  7 

Peoria 

NK 

- 

16-10 

Michigan 

Toledo 

NK  - 17-  7 

Quincy 

NJ 

- 

15-  3 

Alpena 

NL 

_ 

17-  4 

Traverse  City 

NL  - 16-12 

Racine 

NK 

- 

16-  5 

Ashland 

NL 

- 

15-  6 

Rockford 

NK 

- 

16-  4 

Chicago 

NK 

- 

16-  8 

Minnesota 

Rolla 

NJ 

- 

15-  9 

Detroit 

NK 

- 

17-  4 

Ashland 

NL  - 15-  6 

St.  Louis 

NJ 

- 

15-  6 

Escanaba 

NL 

_ 

16-  8 

Bemidji 

NL  - 15-  1 

Vincennes 

NJ 

- 

16-  5 

Flint 

NK 

- 

17-  1 

Brainerd 

NL  - 15-  4 

B-87 


Region  4 (cont»d) 

United  States  Geological  Survey  And 
Army  Map  Service  Quadrangles 

1:250,000  Scale 

STATES  WimiN  RraTTDW 


QUADRANGI£ 

QUADRANGLE 

NAME 

NUMBER 

Minnesota  (cont*d) 

Duluth 

NL 

- 

15-  5 

Eau  Claire 

NL 

- 

15-12 

Fairmont 

NK 

- 

15-  1 

Fargo 

NL 

- 

14-  6 

Ft.  William 

NM 

- 

16-10 

Grand  Forks 

NL 

_ 

14-  3 

Hancock 

NL 

- 

16-  1 

Hibbing 

NL 

- 

15-  2 

International  Falls  NM 

- 

15-11 

Kenora 

NM 

- 

15-  7 

La  Crosse 

NK 

_ 

15-  3 

Mason  City 

NK 

- 

15-  2 

Milbank 

NL 

> 

14-  9 

New  Ulm 

NL 

_ 

15-10 

Quatico 

NM 

- 

15-12 

Roseau 

NM 

- 

15-10 

Sioux  Falls 

NK 

- 

14-  3 

Stillwater 

NL 

- 

15-  8 

St.  Cloud 

NL 

- 

15-  7 

St.  Paul 

NL 

- 

15-11 

Thief  River  Falls 

NM 

- 

14-12 

Two  Harbors 

NL 

- 

15-  3 

Watertown 

NL 

- 

U-12 

Wisconsin 

Ashland 

NL 

- 

15-  6 

Dubuque 

NK 

- 

15-  6 

Duluth 

NL 

- 

15-  5 

Eau  Claire 

NL 

- 

15-12 

Green  Bay 

NL 

- 

16-10 

Hancock 

NL 

- 

16-  1 

Iron  River 

NL 

- 

16-  4 

La  Crosse 

NK 

- 

15-  3 

Madison 

NK 

_ 

16-  1 

Manitowac 

NL 

_ 

16-11 

Milwaukee 

NK 

_ 

16-  2 

Racine 

NK 

_ 

16-  5 

Ricewake 

NL 

- 

15-  9 

Rockford 

NK 

- 

16-  4 

Stillwater 

NL 

_ 

15-  8 

St.  Paul 

NL 

_ 

15-11 

Two  Harbors 

NL 

- 

15-  3 

B-88 
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B-89 


Region  5 

United  States  Geological  Siirvey  and 
Army  Map  Service  Quadrangles 


1:250,  OCX)  Scale 

REGION 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGIE  1 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Abilene 

NL  - 

11-11 

El  Paso 

NH  - 13-  1 

Perryton 

NJ  - 14-10  ' 

Albuquerque 

NI  - 

13-  1 

Enid 

NJ  - 14-12 

Plainview 

NI  - u-  4 : 

Alexandria 

NH  - 

15-  2 

Fort  Smith 

NI  - 15-  1 

Poplar  Bluff 

NJ  - 15-12  . 

Amarillo 

NI  - 

14-  1 

Fort  Stockton 

NH  - 13-  6 

Port  Arthur 

NH  - 15-  8 i 

Ardmore 

NI  - 

14-  6 

Fort  Sumner 

NI  - 13-  5 

Presidio 

NH  - 13-  8 i 

Austin 

NH  - 

14-  6 

Gallup 

NI  - 12-  3 

Raton 

NJ  - 13-H  ' 

Aztec 

NJ  - 

13-10 

Greenwood 

NI  - 15-  9 

Roswell 

NI  -13-8  : 

Baton  Rouge 

NH  - 

15-  6 

Harrison 

NJ  - 15-H 

Russellville 

NI  - 15-  2 

Bay  City 

NH  - 

15-10 

Helena 

NK  - 15-  6 

San  Angelo 

NH  - U-  1 

Beaumont 

NH  - 

15-  4 

Hobbs 

NI  - 13-12 

San  Antonio 

NH  - U-  8 

Big  Springs 

NI  - 

14-10 

Houston 

NH  - 15-  7 

Santa  Fe 

NI  - 13-  2 

Blytheville 

NI  - 

16-  1 

Jackson 

NI  - 15-12 

Sequin 

NH  - 14-  9 

Boquilias 

NH  - 

13-  9 

Lake  Charles 

NH  - 15-  5 

Sherman 

NI  - 14-  9 

Breton  Sound 

NH  - 

16-  7 

Laredo 

NG  - 14-  2 

Shiprock 

NJ  - 12-12 

Brown  Field 

NI  - 

13-  9 

Las  Cruces 

NI  - 13-10 

Shreveport 

NI  - 15-11 

Brownsville 

NG  - 

14-6,9 

Lawton 

NI  - 14-  5 

Silver  City 

NI  - 12-12 

Brownwood 

NH  - 

14-  2 

Little  Rock 

NI  - 15-  5 

Socorrx) 

NI  - 13-  4 

Carlsbad 

NI  - 

13-11 

Llano 

NH  - 14-  5 

Sonora 

NH  - U-  4 

Clifton 

NJ  - 

12-  9 

Lubbock 

NI  - 14-  7 

St.  Johns 

NI  - 12-  6 

Clinton 

NI  - 

14-  2 

Marfa 

NH  - 13-  5 

Texarkana 

NK  - 15-  7 

Clovis 

NI  - 

13-  6 

McAlester 

NI  - 15-  4 

Tucumcari 

NI  - 13-  3 

Corpus  Christ! 

NH  - 

14-  3 

McAllen 

NG  - 14-  5 

Tularosa 

NI  - 13-  7 

Crystal  City 

NH  - 

14-11 

Memphis 

NI  - 15-  3 

Tulsa 

NJ  - 15-10 

Dalhart 

NJ  - 

13-12 

Mobile 

NH  - 16-  4 

Tyler 

NI  - 15-10 

Dallas 

NI  - 

14-12 

Natchez 

NH  - 15-  3 

Van  Horn 

NH  - 13-  2 

Del  Rio 

NH  - 

14-  7 

New  Orleans 

NH  - 15-  9 

Victoria 

NH  - 14-12 

Douglas  (Bisbee) 

NH  - 

12-  3 

Oklahoma  City 

NI  - U-  3 

Waco 

NH  - 14-  3 

Eagle  Pass 

NH  - 

14-10 

Palestine 

NH  - 15-  1 

Wichita  Falls 

NI  - 14-  8 

El  Dorado 

NI  - 

15-  8 

Pecos 

NH  - 13-  3 

Woodward 

NJ  - 14-11 

STATES  WITHIN  REGION 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGIE 

QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Arkansas 

Louisiana 

New  Mexico 

Blytheville 

NI  - 

16-  1 

Alexandria 

NH  - 15-  2 

Albuquerque 

NI  - 13-  1 

Dyorsburg 

NJ  - 

16-10 

Baton  Rouge 

NH  - 15-  6 

Aztec 

NJ  - 13-10 

El  Dorado 

NI  - 

15-  8 

Breton  Sound 

NH  - 16-  7 

Brownfield 

NI  - 13-  9 

Ft.  Smith 

NI  - 

15-  1 

Greenwood 

NI  - 15-  9 

Carlsbad 

NI  - 13-11 

Greenwood 

NI  - 

15-  9 

Jackson 

NI  - 15-12 

Clifton 

NI  - 12-  9 

HaiTison 

NJ  - 

15-11 

Lake  Charles 

NH  - 15-  5 

Clovis 

NI  - 13-  6 1 

Helena 

NI  - 

15-  6 

Mobile 

NH  - 16-  4 

Dalhart 

NI  - 13-12 

Little  Rock 

NI  - 

15-  5 

Natchez 

NH  - 15-  3 

Douglas 

McAlester 

NI  - 

15-  4 

New  Orleans 

NH  - 15-  9 

(Bisbee) 

NH  - 12-  3 

Memphis 

NI  - 

15-  3 

Palestine 

NH  - 15-  1 

El  Paso 

NH  - 13-  1 

Poplar  Bluff 

NJ  - 

15-12 

Port  Arthur 

m - 15-  8 

Fort  Sumner 

NI  - 13-  5 

Russellville 

NI  - 

15-  2 

Shreveport 

NI  - 15-11 

Gallup 

NI  - 12-  3 

Texarkana 

NI  ~ 

15-  7 

Texarkana 

NI  - 15-  7 

Hobbs 

NI  - 13-12 

Tulsa 

NJ  - 

15-10 

Tyler 

NI  - 15-10 

Las  Cruces 

Nl  - 13-10 

B-90 


Region  5 (cont’d) 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 

1:250,000  Scale 

STATES  WITHIN  REGION 

QUADRANGLE  QUADRANGLE  QUADRANGLE  QUADRANGLE 

NAME  NUMBER  NAIffi  NUMBER 


New  Mexico  (cont’d) 


Pecos 

NH 

_ 

13-  3 

Raton 

NJ 

- 

13-11 

Roswell 

NI 

- 

13-  3 

Santa  Fe 

NI 

- 

13-  2 

St.  Johns 

NI 

- 

12-  6 

Shiprock 

NJ 

- 

12-12 

Silver  City 

NI 

- 

12-12 

Soccorro 

NI 

_ 

13-  4 

Tucuracari 

NI 

- 

13-  3 

Tularosa 

NI 

- 

13-  7 

Van  Horn 

NH 

- 

13-  2 

Oklahoma 

Ardmore 

NI 

- 

14-  6 

Clinton 

NI 

- 

14-  2 

Dalhart 

NJ 

- 

13-12 

Enid 

NJ 

- 

14-12 

Fort  Smith 

NI 

- 

15-  1 

Lawton 

NI 

- 

14-  5 

McAlester 

NI 

- 

15-  4 

Oklahoma  City 

NI 

- 

14-  3 

Perrytown 

NJ 

- 

14-10 

Sherman 

NI 

- 

U-  9 

Texarkana 

NI 

- 

15-  7 

Tulsa 

NJ 

- 

15-10 

Wichita  Falls 

NI 

- 

14-  8 

Woodward 

NJ 

- 

14-11 

Texas 

Abilene 

NI 

- 

14-11 

Alexandria 

NH 

_ 

15-  2 

Amarillo 

NI 

_ 

14-  1 

Austin 

NH 

- 

14-  6 

Bay  City 

NH 

- 

15-10 

Beaumont 

NH 

- 

15-  4 

Big  Spring 

NI 

- 

14-10 

Boquilias 

NH 

- 

13-  9 

Brownfield 

NI 

- 

13-  9 

Brownsville 

NG 

_ 

16-6,9 

Birownwood 

NH 

- 

14-  2 

Carlsbad 

NI 

- 

13-11 

Clovis 

NI 

_ 

13-  6 

Corpus  Christi 

NG 

- 

U-  3 

Crystal  City 

NH 

- 

14-11 

Dalhart 

NJ 

- 

13-12 

Dallas 

NI 

- 

14-12 

Texas  (cont*d) 


Del  Rio 

NH 

- 

U-  7 

Eagle  Pass 

NH 

- 

14-10 

El  Paso 

NH 

- 

13-  1 

Ft.  Stockton 

NH 

- 

13-  6 

Hobbs 

NI 

- 

13-12 

Houston 

NH 

- 

15-  7 

Lake  Charles 

NH 

- 

15-  5 

Laredo 

NG 

- 

14-  2 

Las  Cruces 

NI 

- 

13-10 

Lawton 

NI 

- 

14-  5 

Llano 

NH 

- 

14-  5 

Lubbock 

NI 

- 

14-  7 

Marfa 

NH 

- 

13-  5 

McAllen 

NG 

- 

14-  5 

Palestine 

NH 

- 

15-  1 

Pecos 

NH 

- 

13-  3 

Perryton 

NJ 

- 

14-10 

Plainview 

NI 

- 

14-  4 

Port  Arthur 

NH 

_ 

15-  8 

Presidio 

NH 

- 

13-  8 

San  Angelo 

NH 

- 

14-  1 

San  Antonio 

NH 

- 

14-  8 

Sequin 

NH 

- 

U-  9 

Sherman 

NI 

- 

14-  9 

Shreveport 

NI 

- 

15-H 

Sonora 

NH 

- 

14-  4 

Texarkana 

NI 

- 

15-  7 

Tucumcari 

NI 

- 

13-  3 

Tyler 

NI 

- 

15-10 

Van  Horn 

NH 

- 

13-  2 

Victoria 

NH 

- 

14-12 

Waco 

NH 

- 

14-  3 

Wichita  Falls  NI 

- 

14-  8 

B-91 
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I Region  6 

I United  States  Geological  Survey  and 

Army  Map  Service  Quadrangles 

1*250,000  Seale 

REGION 


QUADRANGLE 

QUADRANGIE 

QUADRANGIE 

QUADRANGIE 

QUADRANGIE 

QUADRANGIE 

NAME 

lUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Aberdeen 

NL 

U-  8 

Grand  Junction 

NJ 

. 

12-  3 

New  Ulm 

NL 

_ 

15-10 

Alliance 

NK 

- 

13-  6 

Great  Bend 

NJ 

- 

U-  5 

North  Platte 

NK 

- 

14-  7 

Armlnto 

NK 

- 

13-  1 

Greely 

NK 

- 

13-11 

Ogden 

NK 

- 

12-  8 

Ashland 

NL 

- 

15-  6 

Hancock 

NL 

- 

16-  1 

Omaha 

NK 

- 

15-  7 

Ashton 

NL 

- 

12-11 

Hibbing 

NL 

- 

15-  2 

O’Neill 

NK 

- 

U-12 

Beloit 

NJ 

- 

14-  2 

Hot  Springs 

NK 

- 

13-  3 

Pierre 

NL 

- 

14-10 

Bsmldjl 

NL 

- 

15-  1 

Huron 

NL 

- 

u-n 

Pratt 

NJ 

- 

U-  8 

Blsmark 

NL 

- 

U-  4 

Hutchinson 

NJ 

- 

U-  6 

Preston 

NK 

- 

12-  5 

Bralnerd 

NL 

- 

15-  4 

International  Falls 

NM 

- 

15-U 

Pueblo 

NJ 

- 

13-  5 

Broken  Bow 

NK 

- 

U-  8 

Jamestown 

NL 

- 

U-  5 

Quatico 

NM 

_ 

15-12 

Burlington 

NK 

- 

15-12 

Joplin 

NJ 

- 

15-  7 

Rapid  City 

NL 

- 

13-12 

Casper 

NK 

- 

13-  4 

Kansas  City 

NJ 

- 

15-  1 

Rawlings 

NK 

- 

13-  7 

Centerville 

NK 

- 

15-11 

Kenora 

NM 

- 

15-  7 

Hot  Springs 

NK 

- 

12-  9 

Cheyenne 

NK 

- 

13-  8 

La  Crosse 

NK 

- 

15-  3 

Roseau 

NM 

- 

15-10 

Cody 

NL 

- 

12-12 

La  Junta 

NJ 

- 

13-  9 

Santa  Cruz 

NJ 

- 

10-12 

Cortez 

NJ 

_ 

12-  9 

Lamor 

NJ 

- 

13-  6 

Scott  City 

NJ 

- 

U-  4 

Craig 

NK 

_ 

13-10 

Lander 

NK 

- 

12-  6 

Scotts  Bluff 

NK 

- 

13-  9 

Davenport 

NK 

_ 

15-  9 

Lawrence 

NJ 

- 

15-  4 

Sheridan 

NL 

- 

13-10 

Denver 

NJ 

_ 

13-  2 

Leadville 

NJ 

- 

13-  1 

Sioux  City 

NK 

- 

U-  6 

Des  Moines 

NK 

_ 

15-  8 

Lemmon 

NL 

- 

13-  9 

Sioux  Falls 

NK 

- 

U-  3 

Devls*s  Lake 

NM 

_ 

14-11 

Limon 

NJ 

- 

13-  3 

Sterling 

NK 

- 

13-12 

Dickinson 

NL 

_ 

13-  6 

Lincoln 

NK 

- 

14-  2 

Stillwater 

NL 

- 

15-  8 

Dodge  City 

NJ 

_ 

U-  7 

Manhattan 

NJ 

- 

U-  3 

St.  Cloud 

NL 

- 

15-  7 

Drlggs 

NK 

_ 

12-  2 

Martin 

NK 

- 

U-  1 

St.  Paul 

NL 

- 

15-11 

Dubuque 

NK 

- 

15-  6 

Mason  City 

NK 

- 

15-  2 

Thermopolis 

NK 

- 

12-  3 

Duluth 

NL 

- 

15-  5 

McClusky 

NL 

- 

14-  1 

Thief  River  Falls 

NM 

- 

14-12 

Durango 

NJ 

- 

13-  7 

McCook 

NK 

- 

14-10 

Torrington 

NK 

- 

13-  5 

Eau  Clair 

NL 

- 

15-12 

McIntosh 

NL 

- 

U-  7 

Trinidad 

NJ 

- 

13-  8 

Fairmont 

NK 

_ 

15-  1 

Milbank 

NL 

- 

U-  9 

Two  Harbors 

NL 

- 

15-  3 

Fargo 

NL 

- 

U-  6 

Minot 

NM 

- 

14-10 

Valentine 

NK 

- 

U-  4 

Fort  Dodge 

NK 

_ 

15-  A 

Mitchell 

NK 

- 

U-  2 

Vernal 

NK 

- 

12-12 

Fort  WllUams 

NM 

- 

16-10 

Moab  (Delta) 

NJ 

- 

12-  6 

Waterford  City 

NL 

- 

13-  3 

Fremont 

NK 

_ 

14-  9 

Montrose 

NJ 

- 

13-  4 

Waterloo 

NK 

- 

15-  5 

Gillette 

NL 

- 

13-11 

Nebraska  City 

NK 

- 

15-10 

Watertown 

NL 

- 

14-12 

Goodland 

NJ 

_ 

U-  1 

Now  Castle 

NK 

- 

13-  2 

Wichita 

NJ 

- 

14-  9 

Grand  Forks 

NL 

- 

U-  3 

New  Rockford 

NL 

- 

U-  2 

Williston 

NM 

- 

13-12 

Grand  Island 

NK 

- 

14-H 

I B-93 


Region  6 (contM) 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 

1:250,000  Scale 

STATES  WITHIN  REGION 


QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGIE 

QUADRANGI£ 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Colorado 

Kansas  (cont*d) 

Nebraska  (cont'd) 

Astec 

NJ  - 13-10 

Goodland 

NJ  - 

14-  1 

Scotts  Bluff 

NK  - 13-  9 

Cheyenne 

NK  - 13-  8 

Hutchinson 

NJ  - 

U-  6 

Sioux  City 

NK  - U-  6 

Cortez 

NJ  - 12-  9 

Joplin 

NJ  - 

15-  7 

Torrington 

NK  - 13-  5 

Craig 

NK  - 13-10 

Kansas  City 

NJ  - 

15-  1 

Valentine 

NK  - U-  4 

Dalhart 

NJ  - 13-12 

Lawrence 

NJ  - 

15-  4 

Denver 

NJ  - 13-  2 

Manhattan 

NJ  - 

U-  3 

North  Dakota 

Durango 

NJ  - 13-  7 

McCopk 

NK  - 

U-10 

Aberdeen 

NL  - U-  8 

Grand  JunctionNJ  - 12-  3 

Perrytown 

NJ  - 

U-10 

Bismarck 

NL  - U-  4 

Greely 

NK  - 13-11 

Pratt 

NJ  - 

U-  8 

Devils  Lake 

NM  - U-U 

La  Junta 

NJ  - 13-  9 

Scott  City 

NJ  - 

14-  4 

Dickinson 

NL  - 13-  6 

Lamar 

NJ  - 13-  6 

Wichita 

NJ  - 

U-  9 

Ekalaka 

NL  - 13-  6 

Leadville 

NJ  - 13-  1 

Fargo 

NL  - U-  6 

Limon 

NJ  - 13-  3 

Missouri 

Glendive 

NL  - 13-  2 

Moab  (Delta) 

NJ  - 12-  6 

Belleville 

NJ  - 

16-  4 

Grand  Forks 

NL  - U-  3 

Montrose 

NJ  - 13-  4 

Blytheville 

NI  - 

16-  1 

Jamestown 

NL  - U-  5 

Pueblo 

NJ  - 13-  5 

Burlington 

NK  - 

15-12 

Lemmon 

NL  - 13-  9 

Raton 

NJ  - 13-11 

Centerville 

NK  - 

15-11 

McClusky 

NL  - U-  1 

Rawlings 

NK  - 13-  7 

Dyersburg 

NJ  - 

16-10 

Miles  City 

NL  - 13-  5 

Rock  Springs 

NK  - 12-  9 

Harrison 

NJ  - 

15-  1 

Minot 

NM  - U-10 

Sterling 

NK  - 13-12 

Jefferson 

NJ  - 

15-  5 

N*w  Rockford 

NL  - U-  2 

Trinidad 

NJ  - 13-  8 

Joplin 

NJ  - 

15-  7 

Thief  River  Falls 

NM  - U-12 

Vernal 

NK  - 12-12 

Kansas  City 

NJ  - 

15-  1 

Watford  City 

NL  - 13-  3 

Lawrence 

NJ  - 

15-  4 

Williston 

NM  - 13-12 

Iowa 

Men^his 

NI  - 

15-  3 

Wolf point 

NM  - 13-11 

B\ir  ling  ton 

NK  - 15-12 

Moberly 

NJ  - 

15-  2 

Centerville 

NK  - 15-11 

Nebraska  City 

NK  - 

15-10 

South  Dakota 

Davenport 

NK  - 15-  9 

Paducah 

NJ  - 

16-  7 

Aberdeen 

NL  - U-  8 

Des  Moines 

NK  - 15-  8 

Poplar  Bluff 

NJ  - 

15-12 

Ekalaka 

NL  - 13-  8 

Dubuque 

NK  - 15-  6 

Quincy 

NJ  - 

15-  3 

Gillette 

NL  - 13-11 

Fairmont 

NK  - 15-  1 

Rolla 

NJ  - 

15-  9 

Hot  Springs 

NK  - 13-  3 

Freemont 

NK  - 14-  9 

Springfield 

NJ  - 

15-  8 

Huron 

NL  - U-U 

Ft.  Dodge 

NK  - 15-  4 

St.  Louis 

NJ  - 

15-  6 

Lemmon 

NL  - 13-  9 

La  Crosse 

NK  - 15-  3 

Tulsa 

NJ  - 

15-10 

Martin 

NK  - U-  1 

Mason  City 

NK  - 15-  2 

McIntosh 

NL  - U-  7 

Nebraska  City  NK  - 15-10 

Nebraska 

Milbank 

NL  - U-  9 

Omaha 

NK  - 15-  7 

Alliance 

NK  - 

13-  6 

Mitchell 

NK  - U-  2 

Sioux  City 

NK  - 14-  6 

Broken  Bow 

NK  - 

14-  8 

New  Castle 

NK  - 13-  2 

Sioux  Falls 

NK  - 14-  3 

Cheyenne 

NK  - 

13-  8 

Pierre 

NL  - U-10 

Waterloo 

NK  - 15-  5 

Fremont 

NK  - 

U-  9 

Rapid  City 

NL  - 13-12 

Grand  Island 

NK  - 

U-11 

Sioux  City 

NK  - U-  6 

'(ansflis 

Lincoln 

NK  - 

U-  2 

Sioux  Falls 

NK  - U-  3 

Beloit 

NJ  - U-  2 

McCook 

NK  - 

U-10 

Watertown 

NL  - U-12 

Dalhart 

NJ  - 13-12 

Nebraska  City 

NK  - 

15-10 

Dodge  City 

NJ  - 14-  7 

North  Platte 

NK  - 

U-  7 

Gi*and  Island 

NK  - 14-H 

(koaha 

NK  - 

15-  7 

Great  Bend 

NJ  - 14-  5 

O'Neill 

NK  - 

U-12 

B-94 


Region  6 (cont’d) 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 

1:250,000  Scale 

STATES  WITHIN  REGION 


QUADRANGLE 

NAME 


QUADRANGLE 

NUMBER 


Wyoming 

Armito 

NK 

- 

13-  1 

Ashton 

NL 

- 

12-11 

Billings 

NL 

- 

12-  9 

Casper 

NK 

- 

13-  4 

Cheyenne 

NK 

- 

13-  8 

Cody 

NL 

- 

12-12 

Driggs 

NK 

- 

12-  2 

Gillette 

NL 

- 

13-11 

Hardin 

NL 

- 

13-  7 

Lander 

NK 

- 

12-  6 

New  Castle 

NK 

- 

13-  2 

Ogden 

NK 

- 

12-  8 

Preston 

NK 

- 

12-  5 

Rawlings 

NK 

- 

13-  7 

Rock  Springs 

NK 

- 

12-  9 

Sheridan 

NL 

- 

13-10 

Thermopolis 

NK 

- 

12-  3 

Torrington 

NK 

- 

13-  5 

B-95 


? 


B-96 


Region  7 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 


1:250,000  Scale 


QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Ajo 

NI 

- 12-10 

Kingman 

NI  - 11-  3 

San  Bernardino 

NI  - 11-  5 

Alturas 

NK 

-10-9 

Las  Vegas 

NJ  - 11-12 

San  Diego 

NI  - 11-H 

Austin 

NJ 

-11-2 

Long  Beach 

NI  - 11-  7 

San  Francisco 

NJ  - 10-  8 

Bakersfield 

NI 

-11-1 

Los  Angeles 

NI  - 11-  4 

San  Jose 

NJ  - 10-  9 

Brigham  City 

NK 

- 12-  7 

Lovelock 

NK  - 11-10 

San  Luis  Obispo 

NI  - 10-  3 

Caliente 

NJ 

-11-9 

Lvmd 

NJ  - 11-  6 

Santa  Ana 

NI  - 11-  8 

Cedar  City 

NJ 

- 12-  7 

Marble  Canyon 

NJ  - 12-11 

Santa  Cruz 

NJ  - 10-12 

Chico 

NJ 

-10-3 

Mariposa 

NJ  - 11-  7 

Santa  Maria 

NI  - 10-6,9 

Clifton 

NI 

- 12-  9 

McDennitt 

NK  - 11-  8 

Santa  Rosa 

NJ  - 10-  5 

Cortez 

NJ 

- 12-  9 

Medford 

NK  - 10-  5 

Shiprock 

NJ  - 12-12 

Death  Valley 

NJ 

- 11-11 

Mesa 

NI  - 12-  8 

Silver  City 

NI  - 12-12 

Delta 

NJ 

- 12-  1 

Moab  (Delta) 

NJ  - 12-  6 

Sonoyta 

NH  - 12-  1 

Douglas  (Bisbee) 

NH 

-12-3 

Needles 

NI  - 11-  6 

St.  Johns 

NI  - 12-  6 

El  Centro 

NI 

- 11-12 

Nogales 

NH  - 12-  2 

Tonopah 

NJ  - 11-  5 

Elko 

NK 

- 11-12 

Ogden 

NK  - 12-  8 

Tooele 

NK  - 12-10 

Ely 

NJ 

- 11-  3 

Phoenix 

NI  - 12-  7 

Trona 

NI  - 11-  2 

Escalante 

NJ 

-12-8 

Prescott 

NI  - 12-  4 

Tucson 

NI  - 12-11 

Eureka 

NK 

- 10-7,10 

Price 

NJ  - 12-  2 

Vernal 

NK  - 12-12 

Flagstaff 

NI 

- 12-  2 

Redding 

NK  - 10-11 

Vya 

NK  - 11-  7 

Fort  Bragg 

NJ 

-10-2 

Reno 

NJ  - 11-  1 

Walker  Lake 

NJ  - 11-  4 

Fresno 

NJ 

- 11-10 

Richfield 

NJ  - 12-  4 

Weed 

NK  -10-8 

Gallup 

NI 

- 12-  3 

Sacramento 

NJ  - 10-  6 

Wells 

NK  - 11-  9 

Goldfield 

NJ 

- 11-  8 

Salina 

NJ  - 12-  5 

Westwood 

NK  - 10-12 

Grand  Canyon 

NJ 

- 12-10 

Salt  Lake  City 

NK  - 12-11 

Williams 

NI  - 12-  1 

Grand  Junction 

NJ 

- 12-  3 

Salton  Sea 

NI  - 11-  9 

Winnemucca 

NK  - 11-11 

Holbrook 

NI 

- 12-  5 

STATES  WITHIN  REGION 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Arizona 

Arizona  (cont*d) 

California  (contM) 

Ajo 

NI 

- 12-10 

Salton  Sea 

NI  - 11-  9 

Fresno 

NJ  - 11-10 

Clifton 

NI 

- 12-  9 

Shiprock 

NJ  - 12-12 

Goldfield 

NJ  - 11-  8 

Douglas 

NH 

- 12-  3 

Silver  City 

NI  - 12-12 

Kingman 

NI  - 11-  3 

El  Centro 

NI 

- 11-12 

Sonoyta 

NH  - 12-  1 

Long  Beach 

NI  - 11-  7 

Flagstaff 

NI 

- 12-  2 

St.  Johns 

NI  - 12-  6 

Los  Angeles 

NI  - 11-  4 

Gallup 

NI 

- 12-  3 

Tucson 

NI  - 12-11 

Mariposa 

NJ  - 11-  7 

Grand  Canyon 

NJ 

- 12-10 

Williams 

NI  - 12-  1 

Medford 

NK  - 10-  5 

Holbrook 

NI 

- 12-  5 

Needles 

NI  - 11-  6 

Kingman 

NI 

- 11-  3 

California 

Redding 

NK  - 10-11 

Las  Vegas 

NJ 

- 11-12 

Alturas 

NK  - 10-  9 

Sacramento 

NJ  - 10-  6 

Marble  Canyon 

NJ 

- 11-12 

Bakersfield 

NF  - 11-  1 

Salton  Sea 

NI  - 11-  9 

Mesa 

NI 

- 12-  8 

Chico 

NJ  - 10-  3 

San  Bernardino 

NI  - 11-  5 

Needles 

NI 

-11-6 

Death  Valley 

NJ  - 11-11 

San  Diego 

NI  - 11-11 

Nogales 

m 

- 12-  2 

El  Centro 

NI  - 11-12 

San  Jose 

NJ  - 10-  9 

Phoenix 

NI 

- 12-  7 

Eureka 

NK  - 10-7,10  San  Francisco 

NJ  - 10-  8 

Prescott 

NI 

- 12-  U 

Ft.  Bragg 

NJ  - 10-  2 

San  Luis  Obispo 

NI  - 10-  3 

B-97 


Region  7 (cont*d) 

United  States  Geological  Siirvey  and 
Army  Map  Service  Quadrangles 


1:250,000  Scale 


QUADRANGIE  QUADRANGLE 

NAME  NUMBER 


California  (cont’d) 


Santa  Ana 

NI 

- 

CO 

Santa  Crtiz 

NJ 

- 

10-12 

Santa  Maria 

NI 

_ 

10-6,9 

Santa  Rosa 

NJ 

- 

10-  5 

Trona 

NI 

- 

11-  2 

Walker  Lake 

NJ 

- 

11-  4 

Weed 

NK 

- 

10-  8 

Westwood 

NK 

- 

10-12 

Nevada 

Austin 

NJ 

- 

11-  2 

Caliente 

NJ 

- 

11-  9 

Death  Valley 

NJ 

- 

11-11 

Elko 

NK 

_ 

11-12 

Ely 

NJ 

- 

11-  3 

Goldfield 

NJ 

- 

11-  8 

Kingman 

NI 

- 

11-  3 

Las  Vegas 

NJ 

- 

11-12 

Lovelock 

NK 

- 

11-10 

Lund 

NJ 

- 

11-  6 

Mariposa 

NJ 

- 

11-  7 

McDermitt 

NK 

- 

11-  8 

Reno 

NJ 

- 

11-  1 

Tonapah 

NJ 

- 

11-  5 

Vya 

NK 

- 

11-  7 

Walker  Lake 

NJ 

- 

11-  4 

Wells 

NK 

- 

11-  9 

Winnanucca 

NK 

- 

11-11 

Utah 

Brigham  City 

NK 

- 

12-  7 

Cedar  City 

NJ 

- 

12-  7 

Cortez 

NJ 

- 

12-  9 

Delta 

NJ 

- 

12-  1 

Escalante 

NJ 

- 

12-  8 

Grand  Junction 

NJ 

_ 

12-  3 

Moab  (Delta) 

NJ 

- 

12-  6 

Ogden 

NK 

- 

12-  8 

Price 

NJ 

- 

12-  2 

Richfield 

NJ 

_ 

12-  4 

Salina 

NJ 

- 

12-  5 

Salt  Lake  City 

W 

- 

12-11 

Tooele 

Na 

- 

12-10 

Vernal 

NK 

- 

12-12 

B-98 


Region  8 

Dnlted  States  Geological  Survey  and 
Army  Map  Sei*vice  Quadrangles 

1:250,CXX)  Scale 

REGION 


QUADRANGIE 

QUADRANGLE 

QUADRANGLE 

QUADRANGIE 

QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Adel 

NK  - n-  4 

Dnion 

NL  - 12-  7 

Milos  City 

NL  - 13-  5 

Ashton 

NL  - 12-11 

Driggs 

NK  - 12-  2 

Okanogan 

NM  - n-io 

Bailey 

NL  - 11-n 

Dubois 

NL  - 12-10 

Pendleton 

NL  - n-  7 

Baker 

NK  - 10-10 

Ekalaka 

NL  - 13-  8 

Pocateno 

NK  - 12-  4 

Bellingham 

NL  - 10-12 

Forsyth 

NL  - 13-  4 

Preston 

NK  - 12-  5 

Bend 

NL  - 12-  9 

Gniette 

NL  - 13-n 

Ritzvine 

NL  - n-  1 

Billings 

NK  - n-  2 

Glasgow 

NM  - 13-10 

Roseburg 

NK  - 10-  2 

Boise 

NL  - 12-  8 

Glendive 

NL  - 13-  2 

Roundup 

NL  - 12-  6 

Bozeman 

NL  - 12-  8 

Grangevine 

NL  - n-  8 

Salem 

NL  - lo-n 

Brigham  City 

NK  - 12-  7 

Great  Fans 

NL  - 12-  2 

Sandpoint 

NM  - n-n 

Bums 

NK  - n-  1 

Hamnton 

NL  - n-  6 

Seattle 

NL  - 10-  2 

Butte 

NL  - 12-  4 

Hardin 

NL  - 13-  7 

Shelby 

NM  - 12-n 

Canyon  City 

NL  - n-10 

Havre 

NM  - 12-  2 

Spokane 

NL  - n-  2 

Cape  Flattery 

NM  - 10-n 

Hoquiam 

NL  - 10-  5 

The  Danes 

NL  - 10-  9 

Chains 

NL  - n-12 

Idaho  Fans 

NK  - 12-  1 

Twin  Fans 

NK  - n-  6 

Chateau 

NL  - 12-  1 

Jordon 

NL  - 13-  1 

Vancouver 

NL  - 10-  8 

Concrete 

NM  - 10-12 

Jordon  Vaney 

NK  - n-  5 

Wana  Wana 

NL  - n-  4 

Coos  Bay 

NK  - 10-1,4 

Kalispen 

NM  - n-12 

Wanace 

NL  - n-  3 

Copalls  Beach 

NL  - 10-1,4 

Klamath  Falls 

NK  - 10-  6 

Wenatchee 

NL  - 10-  3 

Crescent  Lake 

NK  - 10-  3 

Lewiston 

NL  - n-  5 

White  Sulphur  Springs 

NL  - 12-  5 

Cut  Bank 

NM  - 12-10 

Lewistown 

NL  - 12-  3 

Wolf  Point 

NM  - 13-n 

Czlzek 

NL  - n-  9 

Medford 

NK  - 10-  5 

Yakima 

NL  - 10-  6 

STATES  WITHIN  REGION 

QDADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGIE 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Idaho 

Montana 

Montana  (cont’d) 

Ashton 

NL  - 12-n 

Ashton 

NL  - 12-n 

Shelby 

NM  - 12-n 

Bailey 

NK  - n-  3 

Billings 

NL  - 12-  9 

Wanace 

NL  - n-  3 

Baker 

NL  - 11-n 

Bozeman 

NL  - 12-  8 

White  Sulphur  Springs  NL  - n-  3 

Boise 

NK  - n-  2 

Butte 

NL  - 12-  4 

Wolf  Point 

NM  - 13-n 

Brigham  City 

NK  - 12-  7 

Chateau 

NL  - 12-  1 

Chains 

NL  - n-12 

Cutbank 

NM  - 12-10 

Oregon 

Czcizek 

NL  - n-  9 

Czizek 

NL  - n-  9 

Adel 

NK  - n-  4 

DUlon 

NI  - 12-  7 

Dinon 

NL  - 12-  7 

Baker 

NL  - n-n 

Driggs 

NK  - 12-  2 

Dubois 

NL  - 12-10 

Bend 

NL  - 10-12 

Dubois 

NL  - 12-10 

Ekalaka 

NL  - 13-  8 

Boise 

NK  - n-  2 

Grangevine 

NL  - n-  8 

Forsyth 

NL  - 13-  4 

Bums 

NK  - n-  1 

Hamilton 

NL  - n-  6 

Gniette 

NL  - 13-n 

Canyon  City 

NL  - n-10 

Idaho  Fans 

NK  - 12-  1 

Glasgow 

NM  - 13-10 

Coos  Bay 

NK  - 10-1,4 

Jordon  Vaney 

NK  - n-  5 

Glendive 

NL  - 13-  2 

Crescent  Lake 

NK  - 10-  3 

Lewiston 

NL  - n-  5 

Great  Fans 

NL  - 13-  2 

Grangevine 

NL  - n-  8 

Pocateno 

NK  - 12-  4 

Hamilton 

NL  - 12-  6 

Hoquiam 

NL  - 10-  5 

Preston 

NK  - 12-  5 

Hardin 

NL  - 13-  7 

Jordon  Vaney 

NK  - n-  5 

Sandpoint 

NM  - n-n 

Harve 

NM  - 12-12 

Klamath  Fans 

NK  - 10-  6 

Spokane 

NL  - n-  2 

Jordan 

NL  - 13-  1 

Lewiston 

NL  - n-  5 

Twin  Fans 

NK  - n-  6 

Kalispen 

NM  - n-12 

Medford 

NK  - 10-  5 

Wallace 

NL  - n-  3 

Lewistown 

NL  - 12-  3 

Pendleton 

NL  - n-  7 

Mnes  City 

NL  - 13-  5 

Roseburg 

NK  - 10-  2 

Roundup 

NL  - 12-  6 

Salem 

NL  - 10-n 

B-lOO 
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Region  8 (contM) 

United  States  Geological  Survey  and 


Army  Map  Service  Quadrangles 

1:250,000  Scale 

STATES  WITHIN  REGION 

QUADRANGLE 

QUADRAJIGLE 

QUADRANGLE 

QUADRANGLE 

QUADPJ^NGLS 

QUADPJ^^GLE 

NAME 

JJUI^ER 

NAME 

NUl-iBER 

NAI® 

NUI®ER 

Oregon  (cont*d) 

Alaska  (cont*d) 

Alaska  (cont^d) 

The  Dalles 

NL  - 

10-  9 

Black  River 

NQ  - 

7,8-  5 

Ketchikan 

NN  - 9-1 

Vancouver 

NL  - 

10-  8 

Bradfield  Canal 

Killik  River 

NR  - 5,6-13 

NO  - 

9-10 

Kiska 

NM  - 60-  2 

Washington 

Bristol  Bay 

NO  - 

4-  8 

Kodiak 

NO  - 5-8 

Bellingham 

NM  - 

10-10 

Calignik 

NO  - 

4-n 

Kotezebue 

NQ  - 3,4-  6 

Cape  Flattery  NM  - 

10-11 

Candle 

NQ  - 

3,4-11 

Kuniuak  Is. 

NP  - 3,4-13 

Concrete 

NM  - 

10-12 

Cape  Mendelsohm 

Kuskwin  Bay 

NO  -3-3 

Copalis  Beach  NL  - 

1C^1,4 

NO  - 

3-  1 

Kwiguk 

r®  - 3,4-  6 

Hoquiam 

NL  - 

10-  5 

Chandalar 

NQ  - 

5,6-  3 

Lake  Clark 

NP  - 5,6-13 

Grangeville 

NL  - 

11-  8 

Chandler  Lake 

r®  - 

5,6-14 

Lime  Hills 

NP  - 5,6-  9 

Lewiston 

NL  - 

11-  5 

Charley  River 

NQ  - 

7,8-  9 

Livengood 

NQ  - 5,6-11 

Okanogan 

MM  - 

11-10 

Christian 

NQ  - 

5,6-  4 

Lookout  Ridge 

NR  - 3,4-12 

Pendleton 

NL  - 

11-  7 

Circle 

NQ  - 

5,6-12 

Marshall 

NP  - 3,4-10 

Ritzville 

NL  - 

11-  1 

Coleen 

NQ  - 

7,8-  1 

McCarthy 

NP  - 7,8-  9 

Sandpoint 

NM  - 

11-11 

Cordova 

NP  - 

5,6-16 

McGrath 

NP  - 5,6-  5 

Seattle 

NL  - 

10-  2 

Craig 

NN  - 

8-  3 

Meade  River 

NR  - 3,4-  8 

Spokeine 

NL  - 

11-  2 

De  Long  Mtns. 

NR  - 

3,4-14 

Medfra 

NP  - 5,6-  1 

The  Dalles 

NL  - 

10-  9 

Demarcation  Pt.KR  - 

7,8-  9 

Melozitan 

NQ  - 5,6-  9 

Vancouver 

NL  - 

10-  8 

Dillingham 

NO  - 

4-  3 

Milliston  Is. 

NO  - 6-'^3 

Walla  Walla 

NL  - 

11-  4 

Dixon  Entrance 

NN  - 

8-  7 

Misheguk  Mtn. 

NR  - 3,4-15 

Wenatchee 

NL  - 

10-  3 

Eagle 

NQ  - 

7,8-13 

Mt.  Fairweather 

Yakima 

NL  - 

10-  6 

Fairbanks 

NQ  - 

5,6-15 

NO  - 8-  4 

False  Pass 

NN  - 

3-  6 

Mt.  Hayes 

NP  - 5,6-  4 

Alaska 

Flaxan  Island 

NR  - 

5,6-  8 

Mt.  Katmai 

NO  - 5-4 

Adak 

NM  - 

1-  2 

Fort  Randall 

NN  - 

4-  3 

Mt.  McKinley 

NP  - 5,6-  2 

Afognak 

NO  - 

5-  5 

Fort  Yukon 

NQ  - 

5,6-  8 

Mt.  Michelson 

NR  - 5,6-12 

Ambler 

NQ  - 

3,4-4 

Gareloi  Island  NM  - 

1-  1 

Mt.  St.  Ellis 

NP  - 7,8-14 

Amukta 

NN  - 

2-11 

Goodnews 

NO  - 

4-  1 

Naknek 

NO  - 4-6 

Anchorage 

NP  - 

5,6-11 

Gulkana 

NP  - 

5,6-  8 

Nebesna 

^®  - 7,8-  5 

Arctic 

NR  - 

5,6-16 

Hagemeister 

NO  - 

4-  4 

Noatak 

NQ  - 3,4-  2 

Atka 

NN  - 

1-12 

Harrison  Bay 

I®  - 

5,6-  6 

Nome 

NQ  - 3,4-13 

Atlin 

NO  - 

8-  3 

Healy 

I®  - 

5,6-  3 

Norton  Bay 

NQ  - 3,4-15 

Attu 

NN  - 

59-12 

Holy  Cross 

NP  - 

3,4-  7 

Nulato 

NQ  - 5,4-16 

Baird  Inlet 

NP  - 

3,4-14 

Hooper  Bay 

NP  - 

3,4-  9 

Nushagok 

NO  - 4-5 

Baird  Mtns. 

NQ  - 

3,4-  3 

Howard  Pass 

NR  - 

3,4-16 

Ophir 

NP  - 3,4-  4 

Barrow 

NR  - 

5,6-  1 

Hughes 

NQ  - 

5,6-  5 

Petersburg 

NO  - 8-12 

Barten  Island 

NR  - 

7,8-  5 

Icy  Bay 

NO  - 

7-  1 

Phillip  Smith 

Mtn. 

Beaver 

NQ  - 

5,6-  7 

Iditarod 

NP  - 

3,4-  8 

NR  - 5,6-15 

Beechey  Point  NR  - 

5,6-  7 

Ikpikpuk  River  NR  - 

5,6-  9 

Point  Hope 

NR  - 3,4-13 

Bendelben 

NQ  - 

3,4-10 

Iliamna 

NO  - 

5-  1 

Point  Lay 

NR  - 3,4-10 

Bering  Islands  NP  - 

- 7,8-13 

Juneau 

NO  - 

8-  5 

Port  Alexander  NO  - 8-11 

Bethel 

NP  - 

Kagoyak 

NO  - 

5-11 

Port  Moller 

NN  - 4-  1 

Betties 

NQ  - 

5,6-  6 

Kantishna  River  NQ  • 

- 5,6-14 

Pribilof  Is. 

NO  - 2-12 

Beyno  Sound 

NO  - 

6-  1 

Karlxik 

NO  - 

5-  7 

Prince  Rupert  NN  - 9-4 

Big  Delta 

NQ  - 

5,6-16 

Kateel  River 

NQ  - 

3,4-12 

Black 

NP  - 

3,4-  5 

Kenal 

NP  - 

5,6-14 
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NAl'E  NUIQER 


Alaska  (cont’d) 


Rat  Islands 

NM  - 

60-  3 

Ruby 

NQ  - 

5,6-13 

Russian  Mission 

NP  - 

3,4-11 

Sagavanirktok  NR  - 

5,6-11 

Samalga  Is. 

NN  - 

2-12 

Seguam 

NN  - 

2-10 

Selawik 

NQ  - 

3,4-  7 

Seldovia 

NO  - 

5-  3 

Seward 

NP  - 

5,6-15 

ShishiTiaret 

NQ  - 

3,4-  5 

Shungnak 

NQ  - 

3,4-  8 

SLuenof  Is. 

NN  - 

4-  5 

Sitka 

NO  - 

8-  8 

Skagway 

NO  - 

8-  1 

Sleet  Mute 

NP  - 

3,4-12 

Solomon 

NQ  - 

3,4-14 

St.  Lavrrence 

NP  - 

1,2-  4 

St.  Matthew 

NP  - 

1,2-15 

St.  Michael 

NP  - 

3,4-  2 

Stepovak  Bay 

NN  - 

4-  2 

Siimdum 

NO  - 

8-  9 

Survey  Pass 

NQ  - 

5,6-  1 

Sutwik  Is. 

NO  - 

4-12 

Table  Mtns. 

NR  - 

7,8-13 

Taku  River 

NO  - 

8-  6 

Talkeetna 

NP  - 

5,6-  6 

Talkestna  Mts 

.NP  - 

5,6-  7 

Tanacross 

NP  - 

7,8-  1 

Tanana 

NQ  - 

5,6-10 

Taylor  Mtns. 

NP  - 

3,4-16 

Teller 

NQ  - 

3,4-  9 

Teshekpuk 

NR  - 

5,6-  5 

Trinity  Is. 

NO  - 

5-10 

Tyonek 

NP  - 

5,6-10 

Ugashik 

NO  - 

4-  9 

Umiat 

NR  - 

5,6-10 

Uninak 

NN  - 

2-  9 

Unalakleet 

NP  - 

3,4-  3 

Unalaaka 

NN  - 

3-  7 

Unimak 

NN  - 

3-  5 

Utokok  River 

NR  - 

3,4-H 

Valdez 

NP  - 

5,6-12 

V/ainwright 

NR  - 

3,4-  7 

Wiseman 

NQ  - 

5,6-  2 

Yakutat 

NO  - 

7-  3 
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REGION 


Aberdeen 

- 69 

Grand  Junction 

- 42  Salina 

- 

40 

Casper 

- 60 

Kansas  City 

-39  Salt  Lake  City 

52 

Chattanooga 

- 22 

Little  Rock 

- 23  Sioux  City 

- 

59 

Cheyenne 

- 51 

Lincoln 

- 50  Trinidad 

- 

33 

Denver 

- 41 

Miles  City 

- 78  Tulsa 

- 

31 

Des  Moinoa 

- 49 

Minot 

- 83  Wichita 

- 

32 

Dubuque 

- 58 

Nashville 

- 30  Williston 

- 

84 

Fargo 

- 77 

Pocatello 

- 61  Yellowstone  Park  - 

71 

Grand  Canyon 

- 34 

Rapid  City 

- 70 

STATES  WimiN  REGION 

QUADRANGLE  QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

5TATD 

NAME 

NUMBER 

STATE 

NAME 

NUMBER 

Colorado 

Cheyenne 

51 

Nebraska 

Casper 

60 

Denver 

U1 

Cheyenne 

51 

Grand  Canyon 

34 

Des  Moines 

49 

Grand  Junction 

42 

Lincoln 

50 

Salt  Lake  City 

52 

Sioux  City 

59 

Trinidad 

33 

North  Dakota 

Fargo 

77 

Io«ra 

Des  Moines 

49 

Miles  City 

78 

Dubuque 

58 

Minot 

83 

Sioux  City 

59 

Williston 

84 

Kanaaa 

Kansas  City 

39 

South  Dakota 

Aberdeen 

69 

Salina 

40 

Casper 

60 

Tulsa 

31 

Rapid  City 

70 

Wichita 

32 

Sioux  City 

59 

Mioaouri 

Chattanooga 

22 

Wyoming 

Casper 

60 

Des  Moines 

49 

Cheyenne 

51 

Kansas  City 

39 

Pocatello 

61 

Little  Rook 

23 

Rapid  City 

70 

Nashville 

30 

Sait  Lake  City 

52 

Tulsa 

31 

Yellowstone  Park 

71 

B-103 
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Region  6 

United  States  Geological  Survey  and 
Ar«y  Map  Service. Qviadranglas 

lt250,000  Scale 


0UUU>RAN0US  QUADRANQUS  QUADRANGLS 

MAHg-—  TOSR-  


QUADRANGLE  QUADRANGI£  QUADRANGI£ 


Aberdeen 

NL 

• 

14-  8 

Grand  Junction 

NJ 

. 

12-  3 

New  Ulia 

NL 

- 

15-10 

AUience 

NK 

• 

13-  6 

Great  Band 

NJ 

- 

14-  5 

North  Platte 

NK 

- 

14-  7 

Arainte 

NK 

• 

2>  1 

Croely 

NK 

- 

03-U 

Ogden 

NK 

- 

12-  6 

Aehlend 

NL 

• 

1>-  8 

Hancock 

NL 

16-  1 

Omaha 

NK 

- 

15-  7 

Ashtcn 

NL 

> 

12U11 

Hibbing 

NL 

- 

15-  2 

0*NeiU 

NK 

- 

14-12 

Beloit 

NJ 

- 

14-  2 

Hot  Springs 

NK 

- 

1>  3 

Pierre 

NL 

- 

14-10 

Beaidji 

NL 

- 

15-  1 

Huron 

NL 

- 

14-11 

Pratt 

NJ 

- 

14-  8 

Bianark 

NL 

U-  4 

Hutehinson 

NJ 

U-  6 

Preston 

NK 

- 

12-  5 

Braineni 

NL 

- 

15-  4 

International  Palls 

KM 

- 

15-U 

Pueblo 

NJ 

1>  5 

Broken  Bow 

NK 

14-  8 

Jamestovm 

NL 

- 

U-  5 

Quatico 

NM 

15-12 

Burllncton 

NK 

• 

15-12 

Joplin 

NJ 

- 

15-  7 

Rapid  City 

NL 

- 

13-12 

Casper 

NK 

- 

3>  4 

Kansas  City 

NJ 

- 

15-  1 

Rawlings 

NK 

- 

13-  7 

Centerville 

NK 

- 

15-11 

Konora 

NM 

- 

15-  7 

Hot  Springs 

NK 

- 

12-  9 

Cheyenne 

NK 

_ 

13-  fl 

In  Crosse 

NK 

- 

15-  3 

Roooa»i 

NM 

- 

15-10 

Cody 

NL 

. 

12-12 

La  Junta 

NJ 

- 

13-  9 

Santa  Cruz 

NJ 

- 

10-12 

Cories 

NJ 

. 

12-  9 

Lamor 

NJ 

- 

13-  6 

Scott  City 

NJ 

- 

14-  4 

Craig 

NK 

- 

13-10 

Lander 

NK 

- 

12-  6 

Scotts  Bluff 

NK 

- 

13-  9 

Davenport 

NK 

. 

15-  9 

Lawrence 

NJ 

- 

15-  4 

Sheridan 

NL 

- 

13-10 

Denver 

NJ 

• 

13-  2 

Loadville 

NJ 

- 

13-  1 

Sioux  City 

NK 

- 

14-  6 

Dos  Moines 

NK 

. 

15-  8 

Lemmon 

NL 

- 

13-  9 

Sioux  Falla 

NK 

- 

14-  3 

Dovis'a  Lake 

NM 

. 

U-11 

Limon 

NJ 

- 

1>  3 

Sterling 

NK 

- 

13-12 

Ulcklnaon 

NL 

. 

1>  6 

Lincoln 

NK 

- 

14-  2 

Stillwater 

NL 

- 

15-  8 

Dodge  Cltgr 

NJ 

- 

U-  7 

Manhattan 

NJ 

- 

U-  3 

St,  Cloud 

NL 

- 

15-  7 

Drlggs 

NK 

12-  2 

Martin 

NK 

- 

U-  1 

St.  Paul 

NL 

- 

15-U 

Dubuque 

NK 

- 

15-  6 

Mason  City 

NK 

- 

15-  2 

thermopolis 

NK 

- 

12-  3 

Duluth 

NL 

• 

15-  5 

- McClusky 

NL 

- 

U-  1 

Thief  River  Falls 

NM 

- 

14-12 

Durango 

NJ 

. 

13-  7 

McCook 

NK 

- 

14-10 

TorringtMi 

NK 

- 

13-  5 

Eau  Clair 

NL 

- 

15-12 

McIntosh 

NL 

- 

14-  7 

Trinidad 

NJ 

- 

13-  8 

Faixmt 

NK 

- 

15-  1 

Milbank 

NL 

- 

U-  9 

Two  Harbors 

NL 

- 

15-  3 

Fargo 

NL 

- 

14-  6 

Minot 

NM 

- 

U-10 

Valentine 

NK 

- 

U-  4 

Fort  Dodge 

NK 

15-  A 

Mitchell 

NK 

- 

14-  2 

Vernal 

NK 

- 

12-12 

Fort  WilliaM 

NM 

- 

16-10 

Moab  (Delta) 

NJ 

- 

12-  6 

Waterford  City 

NL 

- 

13-  3 

Freoont 

NK 

U-  9 

Montrose 

NJ 

- 

13-  4 

Waterloo 

NK 

- 

15-  5 

GllletU 

NL 

. 

1>U 

Nebraska  City 

NK 

- 

15-10 

Watertown 

NL 

- 

U-12 

Coodlend 

NJ 

• 

14-  1 

New  Castle 

NK 

13-  2 

Wichita 

NJ 

- 

U-  9 

Grand  forks 

NL 

- 

14-  3 

Hew  Rookford 

NL 

- 

U-  2 

Williston 

NM 

- 

13-12 

Oread  lUaod  NK  - IVU 


Region  6 (cont^d) 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 

1:250,000  Scale 

STATES  WITHIN  REGION 


QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Colorado 

Kansas  (cont’d) 

Nebraska  (cont'd) 

Aztec 

NJ  - 

13-10 

Goodland 

NJ  - 14-  1 

Scotts  Bluff 

UK  - 13-  9 

Cheyenne 

NK  - 

13-  8 

Hutchinson 

NJ  - 14-  6 

Sioux  City 

NK  - 14-  6 

Cortez 

NJ  - 

12-  9 

Joplin 

NJ  - 15-  7 

Torrington 

NK  - 13-  5 

Craig 

NK  - 

13-10 

Kansas  City 

NJ  - 15-  1 

Valentine 

NK  - 14-  4 

Dtilhart 

NJ  - 

13-12 

Lawrence 

NJ  - 15-  4 

Denver 

NJ  - 

13-  2 

Manhattan 

NJ  - 14-  3 

North  Dakota 

Durango 

NJ  - 

13-  7 

McCook 

NK  - U-10 

Aberdeen 

. NL  - 14-  8 

Grand  JunctionNJ  - 

12-  3 

Perrytown 

NJ  - 14-10 

Bismarck 

NL  - 14-  4 

Greely 

NK  - 

13-11 

Pratt 

NJ  - 14-  8 

Devils  Lake 

NM  - 14-11 

La  Junta 

NJ  - 

13-  9 

Scott  City 

NJ  - 14-  4 

Dickinson 

NL  - 13-  6 

Lamar 

NJ  - 

13-  6 

Wichita 

NJ.  - U-  9 

Ekalaka 

NL  - 13-  6 

Leadville 

NJ  - 

13-  1 

Fargo 

NL  - 14-  6 

Limon 

NJ  - 

13-  3 

Missouri 

Glendive 

NL  - 13-  2 

Moab  (Delta) 

NJ  - 

12-  6 

Belleville 

NJ  - 16-  4 

Grand  Forks 

NL  - 14-  3 

Montrose 

NJ  - 

13-  U 

Blytheville 

NI  - 16-  1 

Jamestown 

NL  - 14-  5 

Pueblo 

NJ  - 

13-  5 

Burlington 

NK  - 15-12 

Lemmon 

NL  - 13-  9 

Raton 

NJ  - 

13-11 

Centerville 

NK  - 15-11 

McClusky 

NL  - 14-  1 

Rawlings 

NK  - 

13-  7 

Dyersburg 

NJ  - 16-10 

Miles  City 

NL  - 13-  5 

Rock  Springs 

NK  - 

12-  9 

Harrison 

NJ  - 15-  1 

Minot 

NM  - 14-10 

Sterling 

NK  - 

13-12 

Jefferson 

NJ  - 15-  5 

New  Rockford 

NL  - U-  2 

Trinidad 

NJ  - 

13-  8 

Joplin 

NJ  - 15-  7 

Thief  River  Falls  NM  - U-12 

Vernal 

NK  - 

12-12 

Kansas  City 

NJ  - 15-  1 

Watford  City 

NL  -13-3 

Lawrence 

NJ  - 15-  4 

Williston 

NM  - 13-12 

Iowa 

Mon5>his 

NI  - 15-  3 

Wolfpoint 

NM  - 1>U 

Burlington 

NK  - 

15-12 

Moberly 

. NJ  - 15-  2 

Contervillo 

NK  - 

15-H 

Nebraska  City 

NK  - 15-10 

South  Dakota 

Davonport 

NK  - 

15-  9 

Paducah 

NJ  - 16-  7 

Abnrvioen 

NL  - U-  8 

Mmm  Moines 

NK  - 

15-  8 

Poplar  Bluff 

NJ  - 15-12 

F.kulaka 

NL  - 13-  8 

NK  - 

15-  6 

Quincy 

NJ  - 15-  3 

GilloUo 

NL  - 13-11 

f'ainnont 

NK  - 

15-  1 

Rolla 

NJ  - 15-  9 

Hot  Springs 

NK  - 13-  3 

Frcemont 

NK  - 

U-  9 

Springfield 

NJ  - 15-  8 

Huron 

NL  - 14-U 

Ft.  Dodge 

NK  - 

15-  k 

St.  Louis 

NJ  - 15-  6 

Lemmon 

NL  - 13-  9 

Crosse 

NK  - 

15-  3 

Tulsa 

NJ  - 15-10 

Martin 

NK  - 14-  1 

Mason  City 

NK  - 

15-  2 

McIntosh 

NL  - 14-  7 

Nebraska  City  NK  - 

15-10 

Nebraska 

Milbank 

NL  - 14-  9 

Omaha 

NK  - 

15-  7 

Alliance 

NK  - 13-  6 

Mitchell 

NK  - 14-  2 

Sioux  City 

NK  - 

U-  6 

Broken  Bow 

NK  - 14-  8 

New  Castle 

NK  - 13-  2 

Sioux  Falls 

NK  - 

U-  3 

Cheyenne 

NK  - 13-  8 

Pierre 

NL  - 14-10 

Waterloo 

NK  - 

15-  5 

Fremont 

NK  - 14-  9 

Rapid  City 

NL  - 13-12 

Grand  Island 

NK  - 14-11 

Sioux  City 

NK  - 14-  6 

Kansas 

. Lincoln 

NK  - 14-  2 

Sioux  Falls 

NK  - 14-  3 

Moloit 

NJ  - 

U-  2 

McCook 

NK  - 14-10 

Watertown 

NL  - U-12 

r.'alhart 

NJ  - 

13-12 

Nebraska  City 

NK  - 15-10 

Dodge  City 

NJ  - 

U-  7 

North  Platte 

NK  - 14-  7 

Grand  Island 

NK  - 

u-n 

Omaha 

NK  - 15-  7 

Great  Bend 

NJ  - 

lir-  5 

O'Neill 

NK  - 14-12 

B-106^ 
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quadrangde 



QUADRANGLE 

NUMBSa 

Wyoading 

And  to 

KK  - 13-  1 

Ashton 

NL  - 12-11 

Billings 

NL  - 12-  9 

Casper 

NK  - 13-  4 

Cheyenne 

NK  - 13-  8 

Cody 

NL  - 12-12 

Driggs 

NK  - 12-  2 

Gillette 

NL  - 13-H 

Hardin 

NL  - 13-  7 

Lander 

NK  - 12-  6 

New  Castle 

NK  - 13-  2 

Ogden 

NK  - 12-  8 

Preston 

NK  -12-5 

Rawlings 

MK  - 13-  7 

Rook  Springs 

MK  -12-9 

Sheridan 

NL  - 13-10 

Tharoopolis 

NK  - 12-  3 

TcMrrington 

NK  - 13-  5 

Region  7 
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Region  7 
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1:250,000  Scnlo 


QUADRANGI£ 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

(^ADRANGIE 

QUADRANOIE 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

AJo 

NI  - 12-10 

Kingman 

NI  - 11-  3 

San  Bernardino 

MI  - 11-  5 

Alturaa 

NK  - 10-  9 

Las  Vegaa 

NJ  - 11-12 

San  Diego 

NI  - 11-11 

Austin 

NJ  - 11-  2 

Long  Beach 

NI  - 11-  7 

San  Franciaco 

NJ  - 10-  8 

Bakersfield 

NI  - 11-  1 

Los  Angeles 

NI  - 11-  A 

San  Jose 

NJ  - 10-  9 

Brighaa  City 

NK  - 12-  7 

Lovelock 

NK  - U-10 

San  Luis  ObUpo 

NI  - 10-  3 

Caliente 

NJ  - 11-  9 

Lund 

NJ  - 11-  6 

Santa  Ana 

NI  - U-  8 

Cedar  City 

NJ  - 12-  7 

Marble  Canyon 

NJ  - 12-n 

Santa  Crua 

NJ  - 10-12 

Chico 

NJ  - 10-  3 

Mariposa 

NJ  - U-  7 

Santa  Maria 

NI  - 10-6,9 

Clifton 

NI  - 12-  9 

McDemitt 

NK  - 11-  6 

Santa  Rosa 

NJ  - 10-  5 

Cortes 

NJ  - 12-  9 

Medford 

NK  • 10-  5 

Shiprock 

NJ  - 12-12 

Death  Valley 

NJ  - 11-U 

Mesa 

NI  - 12-  8 

Silver  City 

NX  - 12-12 

Delta 

NJ  -12-1 

Moab  (DelU) 

NJ  - 12-  6 

Sonoyta 

NH  - 12-  1 

Douglas  (Bisbee) 

NH  - 12-  3 

Needles 

NI  - 11-  6 

St.  Johns 

NI  - 12-  6 

El  Centro 

NI  - 1V12 

Nogales 

NH  - 12-  2 

Tonopah 

NJ  - U-  5 

Elko 

NK  - 11-12 

Ogden 

NK  - 12-  8 

Tooele 

NK  - 12-10 

Ely 

NJ  - n-  3 

Phoenix 

NI  - 12-  7 

Trona 

NI  - U-  2 

Escalante 

NJ  - 12-  8 

Prescott 

NI  - 12-  4 

Tucson 

NI  - 12-11 

Eureka 

NK  - 10-7,10 

Price 

NJ  - 12-  2 

Vernal 

NK  - 12-12 

Flagstaff 

NI  - 12-  2 

Redding 

NK  - 10-11 

Vya 

NK  - U-  7 

Fort  Bragg 

NJ  - lO-  2 

Reno 

NJ  - U-  1 

Walker  Lake 

NJ  - 11-  4 

Fresno 

NJ  - 11-10 

Richfield 

NJ  - 12-  4 

Weed 

NK  - 10-  8 

Gallup 

NI  - 12-  3 

Saeraaente 

NJ  - 10-  6 

Wells 

NK  - U-  9 

Goldfield 

NJ  - 11-  8 

Salina 

NJ  - 12-  5 

Westwood 

NK  - 10-12 

Grand  Canyon 

NJ  - 12-10 

Salt  Uke  City 

NK  - 12-11 

Williams 

NI  - 12-  I 

Grand  Junction 

NJ  - 12-  3 

Salton  Sea 

NI  - U-  9 

Winnemucea 

NK  - u-n 

Holbrook 

NI  - 12-  5 

quadra MGLB 

QUADRANOLC 

QUADRANOLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

NAME 

NUMBER 

NAME 

NAME 

numbm,. 

Ariaona 

Arizona  (cont’d) 

California  (contM) 

AJo 

NI  - 12-10 

Salton  Sea 

NI  - 11-  9 

Fresno 

NJ  - U-10 

Clifton 

NI  - 12-  9 

Shiprock 

NJ  - 12-12 

Goldfield 

NJ  - 11-  8 

Douglas 

NH  - 12-  3 

Silver  City 

NI  - 12-12 

Kingman 

NI  - ru.  3 

El  Centro 

NI  - 11-12 

Sonoyta 

NH  - 12-  1 

Long  Beach 

NI  - U-  7 

Flagstaff 

NI  - 12-  a 

St.  Johns 

NI  - 12-  4 

Los  Angeles 

NI  - n-  4 

Gallup 

NI  - 12-  3 

Tucson 

NI  - 12-U 

Mariposa 

NJ  - U-  7 

Grand  Canyon 

NJ  - 12-10 

wmisns 

NI  - 12-  1 

Medford 

NK  - 10-  5 

Holbrook 

NI  - 12-  5 

Needles 

NI  - n-  6 

Kingnan 

NI  - 11-  3 

California 

Redding 

NK  - 10-U 

Lae  Vegaa 

NJ  - U-X2 

Alturas 

NK  - 10-  9 

Sacramento 

NJ  - 10-  6 

Marble  Canyon 

NJ  - n-12 

Bakersfield 

NP  - 11-  1 

Salton  Sea 

NI  - U-  9 

Neaa 

NI  - 12-  8 

Chico 

NJ  - 10-  3 

San  Bernardino 

HI  - U-  5 

Needlea 

NI  - 11-  6 

Death  Valley 

NJ  - n-u 

San  Diego 

NI  - U-U 

Nofalss 

HH  - 12-  2 

El  Centro 

NI  - 11-12 

S«i  Jose 

NJ  - 10-  9 

Fboeaix 

NI  - 12-  7 

Eureka 

NK  - 10-7,10  San  Francisco 

NJ  - 10-  8 

Frsesett 

NI  - 12-  4 

Ft.  Bragg 

NJ  - 10-  2 

San  Luis  Obispo 

MX  - 10-  3 

B-m 


Region  7 (cont’d) 

United  States  Geological  Survey  and 
Anny  Map  Sejrvice  Quadrangles 


1:250,000  Scale 


QUADRANGLE  QUADRANGLE 

NAME  NUMBER 


California  (contM) 

Santa  Ana  NI  - 11-  8 


Santa  Cruz 
Santa  Maria 
Santa  Rosa 
Trona 


NJ  - 10-12 
NI  - 10-6,9 
NJ  - 10-  5 
NI  - 11-  2 


Wiillu.r  Inkfl  NJ  - 11-  K 

Wood  NK  - 10-  a 

Wostwood  NK  - 10-12 


Nevada 
Austin 
Caliente 
Death  Valley 
Elko 
Ely 

Goldfield 
Kingman 
Las  Vegas 
Lovelock 
Lund 

Mariposa 

McDormitt 

Reno 

Tonapah 

Vya 

Walker  Lake 
WeUs 

Winnemucca 


NJ  - ll-  2 
NJ  - 11-  9 
NJ  - 11-11 
NK  - 11-12 
NJ  - 11-  3 
NJ  - 11-  8 
NI  - 11-  3 
NJ  - 11-12 
NK  - 11-10 
NJ  - 11-  6 
NJ  - 11-  7 
NK  -11-8 
NJ  - 11-1 
NJ  - 11-  5 
NK  - 11-  7 
NJ  - 11-  4 
NK  -11-9 
NK  - 11-11 


Utah 

Brigham  City 

Cedar  City 

Cortez 

Delta 

Escalante 

Grand  Junction 

Moab  (Delta) 

Ogden 

Price 

Richfield 

Salina 

Salt  Lake  City 

Tooele 

Vemal 


NK  - 12-  7 
NJ  - 12-  7 
NJ  - 12-  9 
NJ  - 12-  1 
NJ  - 12-  8 
NJ  - 12-  3 
NJ  - 12-  6 
NK  - 12-  8 
NJ  - 12-  2 
NJ  - 12-  4 
NJ  - 12-  5 
N>  - 12-11 
N^  - 12-10 
NK  - 12-12 


B-112 
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Atigxan  D 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 


L; 500, 000  Scale 

REGION 

Bellln^flaB 

- 87 

Mt,  Shasta 

- 54 

Boise 

- 62 

Pocatello 

- 61 

Butte 

- 79 

Portland 

- 73 

Elko 

- 53 

Rapid  City 

- 70 

Glacier  PaJric 

- 85 

Salt  Lake  City 

- 52 

Kootenai 

- 86 

Seattle 

- 81 

Klamath  Falls 

- 63 

Spokane 

- 80 

La  Grande 

- 72 

Williston 

- 84 

Miles  City 

- 78 

Yellowstone  Park 

- 71 

STATES  WITHTM  REGION 


STATE 

QUADRANGLE  NAME 

QUADRANGIi: 

Idaho 

Boise 

62 

Elko 

53 

Kootenai 

86 

La  Grande 

72 

Pocatello 

61 

Salt  Lake  City 

52 

Spokane 

80 

Yellowstone  Park 

71 

Kontana 

Butte 

79 

Glacier  Park 

85 

Kootenai 

86 

Miles  City 

78 

Rapid  City 

70 

Spokane 

80 

Williston 

84 

Yellowstone  Park 

71 

Oregon 

Boise 

62 

Elko 

53 

Klamath  Fa3J.s 

63 

La  Grande 

72 

Mt.  Shasta 

54 

Portland 

73 

Washington 

Bellingham 

87 

Kootenai 

86 

La  Grande 

72 

Portland 

73 

Seattle 

81 

Spokane 

80 

B-USil 
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Region  8 

United  States  Geological  Survey  and 
Army  Itep  Service  Quadrangles 

1:250,000  Scale 

REGION 


QUADRANGIE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

WADRANGIE 

NAHB 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Adel 

NK  - 11^  4 

DUlon 

NL  - 

12-  7 

Miles  City 

ML  - 13^  5 

Ashton 

NL  - la-u 

Driggs 

NK  - 

12-  2 

Okanogan 

NM  - n-io 

Bailey 

NL  - n-n 

Dubois 

NL  - 

12-10 

Pendleton 

NL  - n-  7 

Baker 

NH  - 10^10 

Ekalaka 

NL  - 

13-  8 

Pocateno 

NK  - 12-  4 

Bellinghaa 

NL  - 1XVI2 

Forsyth 

NL  - 

13-  4 

Preston 

NK  - 12-  5 

Bend 

NL  - 12-  9 

GUlette 

NL  - 

13-n 

Ritzvnie 

NL  - n-  1 

Billings 

NK  - U-  2 

Glasgow 

NM  - 

1>10 

Roseburg 

NK  - 10-  2 

Boise 

NL  - 12-  e 

Glendive 

NL  - 

33-  2 

Roundup 

NL  - 12-  6 

Bozeman 

NL  - 12-  8 

Grangevine 

NL  - 

n-  8 

Salem 

NL  - 10-11 

Brighan  City 

NK  - 12-  7 

Great  Falls 

NL  - 

12-  2 

Sandpoint 

NM  - n-n 

Bums 

NK  - n-  1 

Hamdlton 

NL  - 

n-  6 

Seattle 

NL  - 10-  2 

Butte 

NL  - 12-  4 

Hardin 

NL  - 

13-  7 

Shelby 

NM  - 12-n 

Canyon  City 

NL  - n-10 

Havre 

NM  - 

12-  2 

Spokane 

NL  - n-  2 

Cape  Flattery 

NM  - 10-n 

Hoquiam 

NL  - 

IQ-  5 

The  Dalles 

NL  - 10-  9 

Chains 

NL  - n-12 

Idaho  Fans 

NK  - 

12-  1 

Twin  Fans 

NK  - n-  6 

Chateau 

NL  - 12-  1 

Jordon 

NL  - 

13-  1 

Vancouver 

NL  - 10-  8 

Concrete 

NM  - 10-12 

Jordon  Vaney 

NK  - 

11-  5 

Walla  Walla 

NL  - n-  4 

Coos  Bay 

NK  - 10-1,4 

Kanspen 

NM  - 

n-12 

Wanace 

NL  - n-  3 

Copalls  Beach 

NL  - 10-1,4 

Klamath  Palls 

NK  - 

10-  6 

Wenatchee 

NL  - 10-  3 

Crescent  Lake 

NK  - 10-  3 

Lewiston 

NL  - 

n-  5 

White  Sulphur  Springs 

NL  - 12-  5 

Cut  Bank 

NM  - 12-10 

Lewistown 

NL  - 

12-  3 

Wolf  Point 

NM  - 13-n 

Czlzek 

NL  - 11-  9 

Medford 

NK  - 

10-  5 

Yakima 

NL  - 10-  6 

oTATES  WITHIN 

RFXJION 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGLE 

QUADRANGI£ 

NAME 

NUMBER 

NAME 

NUMBER 

NAME 

NUMBER 

Idaho 

/ 

Montana 

Montana  (cont*d) 

Ashton 

NL  - 12-n 

Ashton 

NL  - 

12-n 

Shelby 

NM  - 12-n 

Bailey 

NK  - n-  3 

Billings 

NL  - 

12-  9 

Wallace 

NL  - n-  3 

Baker 

NL  - 11-U 

Bozeman 

NL  - 

12-  8 

White  Sulphur  Springs  NL  - n-  3 

Boise 

NK  - n-  2 

Butte 

NL  - 

12-  4 

Wolf  Point 

NM  - 13-n 

Brigham  City 

NK  - 12-  7 

Chateau 

NL  - 

12-  1 

Chains 

NL  - 11-12 

Cutbank 

NM  - 

12-10 

Oregon 

Czcizek 

NL  - n-  9 

Czizek 

NL  - 

n-  9 

Adel 

NK  - n-  4 

Dillon 

NI  - 12-  7 

Dinon 

NL  - 

12-  7 

Baker 

NL  - n-n 

Briggs 

NK  - 12-  2 

Dubois 

NL  - 

12-10 

Bend 

NL  - 10-12 

Dubois 

NL  - 12-10 

Ekalaka 

NL  - 

13-  8 

Boise 

NK  - 11-  2 

Grangevine 

NL  - n-  8 

Forsyth 

NL  - 

13-  4 

Bums 

NK  - n-  1 

Hamilton 

NL  - n-  6 

Gillette 

NL  - 

13-11 

Canyon  City 

NL  - n-10 

Idaho  Falls 

NK  - 12-  1 

Glasgow 

NM  - 

13-10 

Coos  Bay 

NK  - 10-1,4 

Jordon  Valley  NK  - 11-  5 

Glendive 

NL  - 

13-  2 

Crescent  Lake 

NK  - 10-  3 

Lewiston 

NL  - U-  5 

Great  Falls 

NL  - 

13-  2 

Grangevine 

NL  - n-  8 

Pocateno 

NK  - 12-  4 

Hamilton 

NL  - 

12-  6 

Hoquiam 

NL  - 10-  5 

Pi*eston 

NK  - 12-  5 

Hardin 

NL  - 

13-  7 

JoMon  Vaney 

NK  - n-  5 

Sandpolnt 

NM  - n-n 

Harve 

NM  - 

12-12 

Klamath  Fans 

NK  - 10-  6 

Spokane 

NL  - n-  2 

Jordan 

NL  - 

13-  1 

Lewiston 

NL  - n-  5 

Twin  Fane 

NK  - n-  6 

Kalispen 

NM  - 

n-12 

Medford 

NK  - 10-  5 

Wallace 

NL  - n-  3 

Lewistovm 

NL  - 

12-  3 

Pendleton 

NL  - n-  7 

Mnes  City 

NL  - 

13-  5 

Roseburg 

NK  - 10-  2 

Roundup 

NL  - 

12-  6 

Salem 

NL  - 10-n 

B-116 


Kegidn  Ef 

United  Suites  Geologlo*!  Survey  and 
An^  Visp  Serviee  Qaadrenglea 

li 250,000  Ss«le 

STAm  «THIK  reglON 


qMAORANGIX 

JttML... 


9JADRA)ilU 

MAKE 


QUADRA.^LS 


QJADRANGLB 

NAMB 


QUADRAHSUB 

jtmu 


Dm  DftllM 

NL* 

1^  9 

Blade  River 

NQ  - 7.3-  5 

Ketchikan 

UN  - f-  1 

Tive— ver 

A* 

10>  i 

•radfleld  Canal 

Killik  mvar 

HR -5,6-43 

NO  - 9-XO 

Kiska 

NK-60-2 

HMhinglM 

Briatel  Bay 

BO  • 4*-  8 

Kodiak 

BO-  5-8 

BellliMiUM 

IK  - 

10-10 

Call9)ik 

BO-  4-U 

KotesaWtte 

NQ  - 3,4^  6 

Cape  Plattary  NN  * 

10-U 

Candle 

NQ-3A-il 

Ihsaiaak  Xs. 

KP  - 3,4-31 

Canareta 

m - 

10-12 

Capa  NatKlclsohn 

Kuekwin  Bey 

NO-  5-* 3 

CopaUa  Beaah  NL  - 

10-l.A 

NO  - 3-  1 

Kwifuk 

NP  - 3,4-  6 

Koqalaa 

NL  • 

10-  5 

ChMdalar 

NQ  - 5,6-  3 

Lake  Clark 

NP  - 5,6-33 

OrmtavllXa 

ML  - 

11-  S 

Chandler  Lake 

m - 5,6-14 

Urn  Hills 

NP  - 5,6-  f 

XtfwiaiaB 

A* 

11-  5 

Charlay  River 

NQ-7,8-9 

Livangoad 

NQ  ^ 5.6-11 

Okamfan 

m- 

11-10 

Christian 

NQ  - 5,6-  4 

Looksat  RSdta  NR  - 3,4<-12 

fendltten 

IX-  7 

Circle 

NQ  - 5,6-12 

KarahaU 

NP- 3,4-10 

Ritimi# 

NL- 

n-  1 

Colaan 

NQ  - 7,8-  1 

McCarthy 

NP  - 7,8-  9 

Sandpolnt 

NR  • 

ll-U 

Cordova 

NP  - 5,6-16 

MoGrath 

HP  - 5,6-  5 

SeaiUe 

ML  . 

lO*  2 

Craig 

NN  - B-  3 

Meade  River 

NR  - 3,4-  8 

Spalta^a 

NL  « 

n-  2 

Da  Loc^  Xtna. 

NR  - 3,4-U 

Medfra 

NP  - 5,6-  1 

The  Dallas 

IL  - 

10-  9 

Demarcation  Pt«NR  - 7,3-  9 

Malositan 

NQ  - 5,6-  9 

Vanoaaver 

NL  - 

10-  n 

Dillingham 

NO  - 4-  3 

Milliston  Is. 

NO-  t-3 

Walla  Walla 

NL  • 

U-  4 

Dixon  Entreaea  NN  - ft-  7 

Misheguk  Ktn. 

nr  - 3.4-15 

Wenatahaa 

m.  - 

10-  3 

Eagle 

NQ  - 7,3-15 

Kt,  Falrwaethar 

Takim 

NL  - 

10-  6 

Fairbanks 

NQ  - 5,6-15 

BO-  8-4 

False  Pass 

NN  - 3-  6 

Ht,  Hayae 

HP  - 5,6-  4 

Alaska 

Plaxan  Island 

NR  - 5,6-  3 

Kt.  Sataiai 

*)-  5-4 

Adak 

m • 

1-  2 

Port  RandaU 

NN  - 4-  3 

Mt.  KaKitOay 

KP  - 5,6-  2 

Afognak 

NO  • 

5-  5 

Port  Tekon 

NQ  - 5,6-  8 

Mt.  Niehalsen  NR  - 5,6-12 

Aa*>lar 

NQ  - 

3»4-4 

Gareloi  Island  NM  - 1-  1 

Mt.  St.  mis  HP  - 7.8-14 

Aaukta 

NN  - 

>•11 

Goodnam 

NO  - 4-  1 

NalQMk 

NO-  4-6 

Anehoraga 

NP  - 

5,6-11 

Oolkana 

NP  - 5,6-  a 

Nebesha 

NP  - 7,8-  5 

Arctic 

NR  . 

5,6-16 

Hagmelster 

NO  - 4-  4 

Noatak 

NQ  - 3,4-  2 

Atlca 

NN  • 

1-12 

Rarrison  Day 

NR  - 5,6-  6 

Nome 

NQ  - 3,4-13 

Atlln 

MO  - 

B-  3 

Mealy 

NP  - 5,6-  3 

Norton  Bay 

NQ  - 3,4-15 

Attu 

NN  - 

59-12 

Holy  Cross 

HP  - 3,4-  7 

Nulato 

NQ  - 5,4-16 

Baird  Inlet 

NP  - 

3,ir-U 

Hooper  Bay 

NP  - 3,4-  9 

Nushagok 

NO  - 4-  5 

Baird  Mine. 

NQ  - 

3,4-3 

Howard  Pass 

NR  - 3,4-16 

Ophir 

HP  - 3,4-  4 

Barrow 

NR  • 

5,6-  1 

Hughes 

NQ  - 5,6-  5 

Petersburg 

MO  - 8-12 

Barton  lalMd  NR  • 

7,8-  5 

Icy  Bay 

NO  - 7-  1 

Phillip  Smith  Mtn. 

Beaver 

HQ  - 

5.6-  7 

Iditarod 

NP  - 3,4-  8 

NR  - 5,6-15 

Baachey  Point  NR  - 

5,6-  7 

Ikpikpuk  Rivar  NR  - 5,6-  9 

Point  Hope 

NR  - 3,4-13 

Naialbaa 

NQ  • 

3,4-10 

lUasma 

NO  - 5-  1 

Point  lay 

NR  - 3,4-10 

Baring  IslaMla  NP  . 

• 7.B-13 

Juneau 

NO  - a-  5 

Port  Alexander  NO  - 8-11 

Bathal 

N?  • 

Eagoyak 

NO  - 5-n 

Port  Holler 

NM  - 4-  1 

Battlaa 

NQ. 

5,6-6 

lanUshna  Rivw  NQ  - 5*6-14 

Prlbllof  Xb. 

NO  - 2-12 

Bapno  Soanl 

NO  . 

1-  1 

Karluk 

wo  - 5-  7 

Prinoa  Bunaert  MB  - 9-4 

Blf  Delta 

■Q- 

5,6-16 

Kateel  River 

»Q  - 3,4-12 

Haak 

NP  . 

3,4^  5 

Xa&al 

HP  - 5,6-14 
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Re(>ion  Q (cont’d) 

United  States  Geological  Survey  and 
Army  Map  Service  Quadrangles 

1:250,000  Scale 

STA'njiS  WITHIN  REGION 


QUADRANGLE 

NAl-E 

QUADRANGLE 

NUMBER 

Alaska  (cont^d) 

Rat  Islands 

NM  - 60-  3 

Ruby 

NQ  - 5,6-13 

Russian  iPllssion 

NP  - 3,4-U 

Sagawanirktok  NR  - 5,6-11 

SaisiSilga  Is. 

NN  - 2-12 

Seguam 

NN  - 2-10 

SelaMik 

NQ  - 3,4-  7 

Seldovia 

NO  - 5-  3 

Seward 

NP  - 5,6-15 

Shishmaret 

NQ  - 3,4-  5 

Shungnak 

NQ  - 3,4-  8 

Sijnenof  Is. 

NN  - 4-  5 

Sitka 

NO  -8-8 

Skagway 

NO  - 8-1 

Sleet  Mute 

NP  3,4-12 

Solomon 

NQ  - 3,4-14 

St.  Lawrence 

NP  - 1,2-  4 

St.  Matthew 

NP  - 1,2-15 

St.  Mchael 

NP  - 3,4-  2 

Stepovak  Bay 

NN  -4-2 

Sumdum 

NO  -8-9 

Survey  Pass 

NQ  - 5,6-  1 

Sutwik  Is. 

NO  - 4-12 

Table  Ktns, 

MR  - 7,8-13 

Taku  River 

MO  -8-6 

Talkeetna 

NP  - 5,6-  6 

Talkeetna  Mts 

.NP  -5,6-7 

Tanacross 

NP  - 7,8-  1 

Tanana 

?^’Q  - 5,6-10 

Taylor  Mtns. 

NP  - 3,4-16 

Teller 

NQ  - 3,4-  9 

Teshekpuk 

NR  - 5,6-  5 

Trinity  Is, 

NO  - 5-10 

Tyonek 

NP  - 5,6-10 

Ugashik 

NO  - 4-9 

Umlat 

NR  - 5,6-10 

Uifinak 

NN  - 2-9 

Unalakloot 

NP  - 3,/f-  3 

Unalaaka 

NN  - 3-7 

Unimak 

NN  - 3-  5 

Utokok  River 

NR  - 3,4-11 

Valdez 

NP  - 5,6-12 

V/ainwright 

NR  - 3;4-  7 

WiscMnan 

NQ  - 5,6-  2 

Yakutat 

NO  - 7-  3 

B-118 
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Methods  and  Procedures  for  fistiraating 
Weapon  Yield  and  Location  of  Ground  Zero 


Estimating  Weapon  Size 

"Ball  of  Fire"  or'Tlash"  C-1 

Cloud  Paremeters  : Height  of  top,  height  of  bottom 

and  cloud  diameter C-li 

Height  of  Cloud  (Alternate  Procedure)  C-5 

Cloud  Top  Angle  vs  Flash-to-Bang  Time  C-7 

Cloud  Bottom  Angle  vs  Flash-to-Bang  Time C-8 

Cloud  Diameter  Angle  vs  Flash-te-Eang  Time C-9 

(lOKT  - 500KT) 

Cloud  Diameter  Angle  vs  Flash-to-Bang  Time C-10 

(500KT  - 20MT) 

Diameter  of  Cloud  (Alternate  Procedure)  C-11 

Estimating  Location  of  A Nuclear  Detonation 

Estimating  Distance  from  &und C-17 

Estimating  Ground  Zero  by  Intersection  C-l8 
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Estimating  Weapon  Size 


"Ball  of  Fire"  or  "Flash" 

Based  on  figure  2 •113,  pg»75,  of  "The  Effects  of  Nuclear  Weapons", 
April  1962,  a formula  employing  the  length  of  time  of  the  flash  has  been 
derived  for  estimating  the  yield  of  a detonated  weapon.  The  formula 
is  based  on  the  second  portion  of  the  curve  wherein  the  apparent  surface 
temperature  relatively  slowly  rises  to  a maximum  of  8CXX)degrees  Centigrade 
at  about  O.l^  second  followed  by  the  steady  decrease  over  a period  of 
several  seconds  until  the  ambient  atmospheric  temperature  is  reached. 

This  procedure  may  be  used  for  nuclear  detonations  occ\irring  during 
the  day  or  at  night  for  both  air  and  surface  bursts. 


METHOD  OF  ESTIMATING  APPROXIMATE  SIZE 
OF  WEAPON  BY  LENGTH  OF  TIME  OF  FUSH 


Air  or  Surface  Burst 

Weapon  Length  of 

Size  Time  of  Flash 

(seconds) 


1 MT  21* 

3 MT  36 

5 MT  1*7 

10  MT  67 

20  m 9$ 


Formula:  0.0022  x Time  (seconds)  squared  equals  weapon  yield 
or  2 

0.0022  X Time  (seconds)  ■ weapon  yield 


C-1 


« ^ O Figure  C-1 


C-2 


Meaguraaent  of  Angles 


In  many  cases,  instruments  such  as  theodolites,  clinometers, 
telescopes  or  field  glasses  will  not  be  available  to  measure  the  angles 
required  for  estimating  the  yield  of  a nuclear  explosion.  When  instruments 
are  not  available,  angles  can  be  estimated  by  using  hand,  fingers  or  fist 
held  at  a fixed  distance  from  the  eye.  The  specific  angle  subtended  by 
the  hand,  fingers  or  fist  must  be  determined  by  the  individual  and  should 
be  recorded  and  memorized  for  rapid  use.  This  can  be  done  by  applying 
the  rail  relation  formula  which  is  based  on  the  assumption  that  a length 
of  one  yard  at  a distance  of  1000  yards  will  subtend  an  angle  of  one  mil. 
For  example,  an  observer  notes  that  two  antenna  towers  1000  yards  apart 
and  about  10,000  yards  from  hi®  position,  require  three  fingers  extended 
at  an  arm's  length  to  fill  the  angle  subtended  by  the  two  towers.  Thus, 
an  observer  under  these  conditions  would  conclude  that  three  fingers 
extended  an  arm's  length  subtends  an  angle  of  100  mils.  Also  when 
instruments  are  not  available,  a metal  protractor  or  one  constructed 
from  heavy  cardboard  can  be  used  in  conjunction  with  a string  and  a 
weight  for  determining  cloud-top  and  cloud-bottom  angles.  A protractor 
with  a pair  of  movable  indices  on  the  circular  scale  can  also  be  used 
to  sight  across  to  obtain  cloud-diameter  angles. 
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RADIOACTIVE  CLOUD  PARAMilT RS 
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This  nonograph  for  use  to  determine  yield  when  the  cloud  parameters, 
height  of  top,  height  of  bottom,  or  diameter  have  been  ascertained.  For  exan5>le, 
the  height  of  the  bottom  of  a nuclear  cloud  is  reported  to  be  about  55>000  feet. 
To  estimate  the  corresponding  yield,  place  a straight  edge  through  55jOOO  on 
the  middle  scale  so  that  the  values  on  the  left  yield  index  scale  and  right  yield 
index  scale  are  the  same.  Ihe  yield  as  read  from  the  nomograph  is  about  1 MT. 

Figure  C-2 
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Alternate  Height  of  Cloud  Technique 


In  both  air  and  surface  bursts,  an  atomic  (radioactive)  cloud  is  formed. 

For  weapons  in  the  megaton  range,  the  atomic  cloud  rises  to  considerable  heights. 
Based  on  this  phenomena,  a table  has  been  developed  showing  the  "mean  top" 

(plus  or  minus  20%),  in  feet,  of  the  cloud  for  various  weapon  sizes  at  10  minutes 
after  a nuclear  detonation.  This  procedure  is  limited  to  surface  bursts  only. 

Data  for  air  bursts  are  not  available.  The  heights  of  bursts  an  enemy  may  employ, 
for  air  bursts,  are  unpredictable.  This  procedure  can  be  used  for  bursts  ocur- 
ring  in  the  daytime.  Obviously,  the  height  of  the  atomic  cloud  cannot  be  seen 
at  night. 

METHOD  OF  ESTIMATING  APPROXIMATE  SIZE  OF  IH^APON  BY  HEIGHT  OF  GLOUU 


SURFACE  BURSTS  ONLY 

AVERAGE  HEIGHT  CF  CLOUD  PER  \^IEAP0M  YIELD 


V7eapon 

Size 

Mean  Top  of 
Cloud 
•f+Cfeot) 

Mean  Cloud 
Diaideter 
(miles) 

Time  After 
Detonation 
(Minutes) 

1 MT 

70,000 

20 

10 

2 MT 

76,000 

28 

10 

3 OT 

82,000 

32 

10 

h 

90,00Qr 

3U 

10 

5 M-r 

93,000 

38 

10 

10  MT 

103,000 

52 

10 

15  CT 

110,000 

66 

10 

20  MT 

113*000 

80 

10 

■f+NOTEt  The  mean  top  of  the  cloud  may  vary  plus  or  minus  20^  for  each  size  v;eapon* 


Sourcoj  U.S..  Weather  Bureau,  "A  Note  en  Nuclear  Cloud  Dlmensions'*-dated  Sept,  1959 


estimating  Weapon  Size  from  Flash- to  "Bang-Time  Elated  to  Cloud  Tope  Angle^ 
Cloud  Bottom  Angle  and  Cloud  Diameter  Angle 

Flash  - to "Bang  Time 

Flash-to-bang  time  is  the  time  interval  in  seconds  between  the  flash 
of  the  explosion  and  the  arrival  of  the  sound  of  the  explosion  at  the  position 
of  an  observer,  who  is  at  a sufficient  distance  from  ground  zero  to  be 
unharmed  by  the  primary  effects  of  the  nuclear  explosion#  The  sound  of  the 
explosion  travels  at  an  average  velocity  of  375  yds/sec  for  distances  from 
ground  zero  sufficiently  large  to  be  outside  the  zone  of  primary  effects. 

Thus,  the  flash-to-bang  time  in  seconds  multiplied  by  375  establishes  the 
approximate  distance  in  yards  from  the  observer  to  ground  zero.  If  a watch 
or  clock  is  not  available,  an  observer  can  count  "1000”,  "2000"'  etc.  from 
the  time  a flash  appears  until  the  sound  is  heard  to  determine  the  approximate 
flash-to-bang  time  in  seconds. 
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20  MT-t- 
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1 MT  - - 


500  KT  - - 


YIELD  ESTIiATION 
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This  nomograph  for  use  to  determine  yield  from  cloud  top  angle  and 
flash-to-bang  time.  For  example,  observer  notes  a flash-bang-time  of  2^0 
seconds  and  measures  the  angle  to  the  top  of  the  nuclear  cloud  to  be  about 
15  degrees.  To  estimate  corresponding  yield,  interesct  with  a straight  edge 
250  seconds  on  the  right  hand  scale  and  15  degrees  on  the  center  scale.  At 
the  point  of  intersectjon  of  the  Straight  edge  and  the  left  hand  scale  read 
a yield  of  about  1 MT. 

Figure  C-3 
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YIELD  ES  I MAT  I ON! 
(Cloud  Bottom  Angle  v:-  Flash- 

YIELD 


Icing  Time) 
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- --  0 


300 


3 

S 

This  nomograph  for  use  to  determine  yield  from  cloud  bcfttora  angle 
and  flash-to-bang  timeo  For  example,  observer  notes  a flash-band-time  of 
250  seconds  and  measures  the  angle  to  the  bottom  of  the  nuclear  cloud  to  be 
about  200  mils.  To  estimate  corresponding  yield,  intersect  vd.th  a straight 
edge  250  seconds  on  the  right  hand  scale  and  200  mils  on  the  center  scale. 

At  the  point  of  intersection  of  the  straightedge  and  the  left  hand  scale  read 
a yield  of  about  3 MT. 

In  cases  where  different  yields  result  from  different  measurements 
on  the  same  nuclear  cloud,  an  average  yield  should  derived  if  rae§siu'ements 
are  made  with  about  the  same  degree  of  accxoracy  and  confidence.  However,  when 
any  one  of  the  cloud  measurements,  including  cloud  diameter  angle,  is  made  with 
a greater  degree  of  accuracy  and  confidence  than  the  others,  the  yield  which  reflects 
the  more  accurate  and  confident  measurements  should  be  used. 

Figure  C-^ 
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YIELD  ESTIMATi'.M  (10  KT-500  <T) 

(Cloud  Diameter  Angle  vs  FI ash-to-Bang  Time) 
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Thi*  nomograph  for  use  to  determine  yields  from  cloud  diameter  angles 
and  flash-to-bang  tines.  For  example,  an  observer  notes  a flash-to-bang  time  of 
92  seconds  and  measures  the  cloud  diameter  angle  to  be  about  23  degrees.  To 
estimate  the  corresponding  yield,  a preliminary  of  this  and  the  following 
nomograph  must  first  be  made  in  order  to  determine  which  nomograph  to  use. 

In  this  case,  using  the  above  nomograph,  intersect  with  a straight  edge  23 
degrees  on  the  right  hand  scale  and  92  seconds  on  the  center  scale.  At  the 
point  of  intersection  on  the  left  hand  scale  read  a yield  of  about  100  KT. 


Figure  C-5 
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Figure  C-6 
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Diameter  of  Cloud  Technique 


An  alternate  method  of  estimating  the  yield  of  a detonated  nuclear  weapon 
Is  by  means  of  measuring  the  "maximum  diameter"  of  the  atomic  cloud.  This  pro- 
cedure was  developed  by  the  application  of  trlgonometlc  theory  in  relation  to 
the  following  information  which  appeared  in  "A  Fallout  Forecasting  Technique 
with  Results  Obtained  at  the  Eniwetok  Proving  Ground,  Research  and  Development 
Report  USNRDL-TR-139,  NS081-001-US  Army,  3 April  1957,  U.S.  Naval  Radiological 
Defense  Laboratory,  San  Francisco,  California." 


Fig.  1 Mushi'oom  Diameter  as  a Function  of  Yield 


This  procedure  may 
to  the  height  of  cloud 
seen  at  night. 


be  used  for  both  air  and  surface  bursts. 

rocedure,  the  maximum  diameter  of  the  cloud  cannot  be 


Figure  C-7 
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KTIHAriNG  SIZ£  OF  WEAION  BY  DIAI^iETER  CF 


A method  of  estimating  the  approximate  size  of  a detonated  nuclear  weapon 
is  by  determining  the  diameter  of  the  resultant  nuclear  cloud.  The  diameter  of 
the  nuclear  cloud  is  obtained,  mathematically,  as  follows: 

Diameter  (in  miles)  of  nuclear  cloud  » 2 x tangent  of  angle  0X  distance 

observation  point  from  detonation  point. 

Angle  0 is  1/2  of  the  measured  angle. 

Information  required  to  perform  the  computation  is  as  follows:  (see  fig  C.-8  ) 

(1)  The  estimated  distance  observation  point  is  from  the  detonation 

(2)  Angular  width  of  cloud  (see  illustration). 

(3)  Angle  0 (1/2  of  the  measured  angle). 

(4)  Tangent  of  angle  9. 

Procedure  for  performing  the  computation: 

(1)  Obtain  the  estimated  distance  the  observation  point  is  from  the 
detonation. 

(2)  Obtain  estimate  of  the  angular  width  of  the  cloud  by  instrument  or 
hand  procedure. 

(3)  Obtain  angle  0 (1/2  of  the  measured  angle) 

(4)  Obtain  tangent  of  angle  0. 

(5)  Multiply  tangent  of  angle  0 by  2 and  then  multiply  resultant  figure 
by  distance  in  miles  observation  point  is  from  detonation. 

(6)  Figure  obtained  in  miles  furnishes  the  estimated  maximum  diameter  of 
cloud . 

(7)  From  the  table  showing  for  each  weapon  size  the  maximvnn  diftmeter  of  cloud 
and  measured  angles  at  specific  distances  from  the  detonation,  estimate 
the  approximate  weapon  size. 

Example  of  application  of  procedure: 

Problem:  Determine  weapon  size  where  detonation  is  30  miles  from  the  observation 

point  and  angular  width  of  cloud  has  been  estimated  at  47°  40'. 


Solution:  1.  Angle  0 is  1/2  of  47°  40'  or  23°  50' 

2.  Tangent  of  23°  50'  is  .442. 

3.  2 X .442  is  .884. 


4.  .884  X 30  miles  is  26.520  miles. 

5.  Sine'’  the  maximum  diameter  of  cloud  for  a IMT  is  26.5  miles 
the  .'roxlmate  weapon  size  was  IMT. 
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DIAMETER  OF  CLOUD 
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MEASURED  ANGLE  FOR  VARIOUS  DISTANCES  IN  MIU3 
(Observer  to  Burst)* 
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* All  readings  must  bo  taken  after  the  flash  has  disappeared.  The  cloud  does  not 
reach  its  maximum  diameter  until  10  to  15  minutes  after  the  burst,  therefore, 
this  should  not  create  a problem.  Since  readings  could  not  be  made  at  night, 
this  method  of  estimating  weapon  size  applicable  for  daytime  detonations  only. 
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Sources  NAy-NRDJ>TR-139,  pg,  17 


C-lii 


Angle 8 4 Angles  o and  Tangents 


Dls  tanoo 


Observer  Angle 

1 

2 

3 

1 

5 

10 

15 

20 

to  Burst  o Angle 

MT 

m 

MT 

MT 

MT 

MT 

MT 

MT 

(Miles 

) Tangent 

Angle 

106* 00' 

123*00' 

131*00' 

111*12* 

Oil* 20* 

155*20' 

157*18' 

163*20* 

10 

o Anglo 

53*00' 

61*30' 

67*00' 

70*56' 

72*10' 

77*10’ 

78*51' 

81*10' 

Tangent 

1.327 

1.8U2 

2.356 

2.888 

3.108 

1.571 

5.097 

6.827 

Angle 

67*00' 

85*20' 

99*30' 

111*26' 

111*30' 

133*00' 

137*10' 

117*10' 

20 

o Angle 

33*30' 

U2*ii0' 

U9*U5' 

55*13' 

57*15' 

66*30' 

68*35' 

73*50* 

Tangent 

.662 

.668 

1.179 

1.166 

1.558 

2.300 

2.552 

3.119 

Angle 

U7*U0' 

63*10' 

76*20' 

87*38' 

92*00' 

111*00' 

119*01' 

133*00' 

30 

0 Angle 

23*50' 

31*35' 

38*10' 

13*19' 

16*00' 

57*00' 

59*32' 

66*30* 

Tangent 

.UU2 

.6152 

.786 

.959 

1.036 

1.5U0 

1.698 

2.300 

Angle 

37*00' 

U9*30' 

61*00' 

71*30' 

76*00' 

98*00' 

103*18' 

120*00* 

UO 

0 Angle 

18*30' 

2U*U5' 

30*30' 

35*15' 

38*00' 

19*00' 

51*51' 

60*00* 

Tangent 

.335 

.U599 

.589 

.7186 

.788 

1.150 

1.275 

1.732 

Angle 

29*h0' 

UO*27' 

50*30' 

59*52' 

61*00' 

85*20' 

90*07' 

108*00* 

$0 

0 Anglo 

1U*50' 

20*13' 

25*15' 

29*56' 

32*00' 

12*10' 

15*03' 

51*00* 

Tangent 

.265 

.3659 

.173 

.575 

.625 

.922 

1.000 

1.376 

Anglo 

2U*50' 

3U*30' 

13*00' 

51*10' 

51*50' 

75*00' 

00*11' 

98*00* 

60 

0 Angle 

12*25’ 

17*15' 

21*30' 

25*35' 

27*25' 

37*30' 

10*22' 

19*00* 

Tangent 

.220 

.312 

.391 

.179 

.518 

.767 

.851 

1.150 

Anglo 

21*20' 

29*30' 

37*20' 

11*10’ 

17*^0' 

66*10' 

72*09' 

89*10' 

70 

0 Angle 

ll’liO' 

1U*U5' 

18*10« 

22*20' 

23*55* 

33*20' 

36*01' 

11*35' 

Tangent 

.206 

.262 

.338 

.111 

•113 

.656 

CM 

•986 

80 

Anglo 

18*50' 

26*00' 

32*50' 

39*30’ 

12*30' 

59*50' 

65*02' 

81*30' 

o Angle 

9*25' 

13*00» 

16*25' 

19*U5* 

21*15' 

29*55' 

32*31' 

10*15* 

Tangent 

.166 

.231 

.291 

.358 

.390 

.575 

.637 

.860 
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Angles,  Angles  o end  Tangents 


Distance 


Obseirver 

Angle 

1 

2 

3 

U 

5 

10 

15 

20 

to  Burst 

0 Angle 

MT 

MT 

MT 

MT 

MT 

MT 

MT 

MT 

(Miles)  Tangent 

Angle 

16*50' 

23*10' 

29*30' 

35*30' 

38*10' 

51**10' 

59*05' 

75*00' 

90 

o Angle 

8*25' 

11*35' 

11**  1*51 

17*  U5' 

19*05' 

27*05' 

29*32' 

37*30' 

Tangent 

.Ui8 

.205 

.262 

.319 

.3U6 

.512 

.566 

.767 

Angle 

15*10' 

21*00' 

26*30' 

32*00' 

3U*1*0' 

1*9*20' 

54*03' 

69*20' 

100 

0 Angle 

7*35' 

10*30' 

13*15' 

16*00' 

17* 20’ 

24*1*0' 

27*01' 

34*40' 

Tangent 

.133 

.185 

.236 

.287 

.312 

.U59 

.510 

.692 

Angle 

13*55' 

19*00' 

2li*l5' 

29*20' 

31*1*0' 

U5*30' 

49*45’ 

64*10' 

no 

o Angle 

6*57’ 

9*30' 

12*07' 

H**U0' 

15*50’ 

22*U5' 

24*53’ 

32*05' 

Tangent 

.121 

.167 

.211* 

.262 

.281* 

.418 

.462 

,627 

Angle 

12*  UO' 

17*30' 

22*10' 

27*00' 

29*10' 

1*2*00' 

46*04' 

59*50' 

120 

0 Anglo 

6*20' 

8*U5' 

11*05' 

13*30' 

11**35' 

21*  00' 

23*02' 

29*55' 

Tangent 

.110 

.153 

.196 

.21*0 

.261 

.381* 

.425 

.575 

Anglo 

iruo» 

16*00' 

20*30' 

25*00' 

26*50' 

39“00' 

42*54' 

56*50' 

130 

0 Angle 

5*50' 

8*00' 

10*15' 

12*30' 

13*25’ 

19*30' 

21*27' 

28*25' 

Tangent 

.102 

.UiO 

.182 

.222 

.238 

.354 

.392 

.541 

Anglo 

10*1*0' 

15*00' 

19*10' 

23*10' 

25*00' 

36*30' 

40*02' 

52*30' 

11*0 

o Anglo 

5*20' 

7*30' 

9*35' 

11*35’ 

12*30' 

18*15’ 

20*01' 

26*15' 

Tangent 

.093 

.132 

.169 

.205 

.222 

.331 

.364 

.494 

Angle 

10*10' 

lil*00' 

17*50' 

21*1*0' 

23*30' 

34*10' 

37*34' 

49*20' 

150 

0 Anglo 

5*05' 

7*00' 

8*55' 

10*50' 

11*U5' 

17*05' 

18*47' 

24*40' 

Tangent 

• 089 

.123 

.157 

.191 

.207 

00 

0 

.340 

.459 
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Estimating  Location  of  a Nuclear  Detonation 


I The  Importance  of  knowing  the  location  and  GZ  of  a detonated  nuclear  weapon 

[ Is  evident  and,  therefore.  It  Is  essential  that  provisional  procedures  be  avail- 
able for  determining  such  Information.  Two  techniques  have  been  developed  for 
obtaining  the  Information.  The  first  technique  produces  the  approximate  location 
of  a nuclear  detootttlon;  the  second  technique  furnishes  the  approximate  location 
of  ground  zero. 


Estimating  Approximate 


Location 


approximate  location  of  a detonation,  after  the 
direction  of  the  flash  phenomena  has  been  ascertained,  i.e.,  in  terms  of  the 
.Ight  cardinal  direction  points.  Is  by  „aans  of  sound.  Since’ sounr^Lals.  ^n 
air,  at  the  rate  of  about  12  miles  per  minute,  an  Individual  can  estimate  the 
distance  by  using  the  data  In  Table  below,  ir  u assumed,  of  course,  civil  defense 
and  other  government  personnel  have  been  trained  to  either  look  at  a time  01"^ 
or  start  counting  immediately  after  the  "flash"  has  been  observed. 


Distance  Sound  Travels  at  Sea  Level 


bound  travels  approximately: 

•2  miles  in  1 second 
1.0  miles  in  $ seconds 
12.0  miles  in  60  seconds  (1  minute) 


Time  and  distance  sound  will  have  travelled  from  time  of  sighting  of  flgsh: 


Time 

(minutes) 


Matance 

(miles) 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

U 

15 


12 

24 

36 

48 

60 

72 

84 

96 

108 

120 

132 

144 

156 

168 

180 


Remarks:  The  Speed  of  Sound  in  Air  is  1067  foot  per  second. 

Source:  Wobsters  Now  Collegiate  Dictionary,  pg.  807, 
’’Sonic’*,  Second  Edition,  1956 
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Determining  the  Approximate  Ground  Zero  Location 


A method  of  locating  ground  zero  is  to  sight  on  the  center  of  the  cloud 
stem  using  a bearing  compass  to  determine  the  degrees  from  North  in  a clockwise 
fashion.  (See  fig.  C-9) 


AZIMUTH  COMPASS 

(DIRECTION  FINDER) 


NORTH  ClockwUe 


Three  sightings  from  near  opposite  directions,  when  plotted  on  a map,  in  j 

the  form  of  lines,  will  result  in  an  "intersection".  Where  the  lines  intersect,  I 

a triangle  will  usually  be  formed.  (See  fig.  1.2)  The  estimated  ground  zero 
is  obtained  by  bisecting  the  lines  of  the  triangle  formed  as  a result  of  the  | 

intersection  process.  | 


i 
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(1)  Obtain  "flash"  information  (direction  from  where  flash  was  observed) 
from  at  least  three  reporting  points.  The  reporting  points  should  be 
located  within  the  range  of  50  to  100  miles  from  the  detonated  area. 

The  reporting  point  selected  for  a detonated  weapon  should  be  located 
approximately  90°  to  120°  apart. 

(2)  Plot  the  reporting  points  on  a suitable  scaled  map,  such  as  1:2,500,000 
scale,  showing  the  locations  of  the  reporting  points. 

(3)  On  the  map,  draw  for  each  reporting  point  a line  toward  the  direction 
from  where  the  flash  was  observed  based  on  an  Azimuth  Compass. 

(4)  Where  the  lines  "intersect",  a triangle  will  usually  be  formed. 

(See  fig. 1.2) 

(5)  Within  the  triangle,  draw  three  dotted  lines  as  Figure  C-10.  The  mid- 
point of  the  three  dotted  lines  is  the  approximate  location  of  ground 
zero. 
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Nuclear  Weapons  Information 

Exploaions-Conventlonal  and  Nuclear  (Basic  Differences) 

An  explosion  is  the  release  of  a large  amount  of  energy  in  a short 
interval  of  time  viithin  a limited  space*  Conventional  weapons  differ 
from  nuclear  weapons  in  the  type  of  reaction  involved.  In  a conventional 
explosion  (TNT),  the  energy  arises  frcxn  rearrangement  among  the  atoms 
present  in  the  explosive  material.  In  a nuclear  explosion,  the  energy 
is  produced  by  the  redistribution  or  recombination  of  the  protons  and 
neutrons  within  the  atomic  nuclei.  Thus,  conventional  explosions 
result  frcxn  chemical  reactions  of  the  atoms;  whereas,  nuclear  explosions 
result  from  reactions  within  the  nuclei  of  the  atoms.  Nuclear  weapons 
are  more  powerful  than  conventional  weapons  because  the  forces  between 
the  protons  and  neutrons  within  atcmiic  nuclei  are  tremendously  greater 
than  those  among  the  atoms  as  a whole.  Nuclear  (or  atomic)  energy, 
therefore,  is  of  a much  higher  order  of  magnitude  than  conventional 
energy  when  equal  masses  are  considered. 


A summary  of  the  basic  differences  between  conventional  weapons 
(TNT)  and  nuclear  weapons  is  as  follows: 

Conventional  Explosion  Nuclear  Explosion 

TtniT 


1.  Chemical  Reaction  - rearrangement 
among  the  atcans  present  in  the 
explosive  material. 


1.  Nuclear  Reaction  - redis- 
tribution or  recombination 
of  the  protons  and  neutrons 
within  the  nuclei  of  the 
atcans. 
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2.  Forces  between  atoms  less  than 

between  protons  and  neutrons  with- 
in the  nuclei  of  the  atoms. 


3.  Nearly  all  energy  released  appears 
immediately  as  kinetic  (or  heat) 
energy;  almost  all  converted  into 
blast  and  shock. 


4,  No  nuclear  radiations  since  atcsnic 
nuclei  are  unaffected. 


5,  Maximum  temperature  attained  - 
5,CXX)'»C  (9,000®F). 

6,  Material  pulverized  into  smaller 
pieces, 

7,  Pressures  produced  are  several 
hxmdred  times  the  atmospheric 
pressure. 


Forces  between  protons  "iuid 
neutrons  within  the  nuclei 
of  atoms  greater  than  forces 
between  atoms, 

3,  Only  85  percent  of  energy 
released  appears  immediately 
as  kinetic  (heat)  energy. 

Of  the  85^,  only  50^  con- 
verted into  blast  and  shock; 
35^  converted  into  thermal 
radiation,  i,e,  heat  and 
light  rays, 

4«  About  15  percent  of  energy 
released  as  various  nuclear 
radiations;  5 percent  as 
initial  nuclear  radiations 
(produced  within  a minute 
or  so  of  the  explosion);  10 
percent  as  residual  radiation 
(produced  over  a period  of 
time  - frcmi  the  radioactivity 
of  the  fission  products  pre- 
sent in  the  bomb  residue 
after  the  explosion), 

5,  Maximum  temperature  - several 
million  degrees. 

6,  All  material  converted  into 
gaseous  form  due  to  the  great 
heat  produced, 

7,  Pressures  produced  are 
several  h\indred  thousand 
times  the  atmospheric  pres- 
s\ire  - i,e,  millions  of 
pounds  per  square  inch. 


Atomic  and  Nuclear  Reactions 

The  terms  "Atomic”  and  ’T^uclear”  may  be  used  interchangeably,  since 
atomic  energy  is  strictly  nuclear  energy  resulting  from  particular 
nuclear  reactions.  Thus,  atomic  bombs  are  called  nuclear  weapons. 

Fission  and  Fusion  Reactions 


Many  nuclear  processes  are  known.  Not  all,  however,  are  accompanied 
by  a release  of  energy.  The  release  of  nuclear  energy  in  amounts 
sufficient  to  cause  an  explosion  requires  that  the  reaction  should  be 
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able  to  reproduce  itself  once  it  has  been  started*  Two  kinds  of  nuclear 
Interactions  satisfy  the  conditions  for  the  production  of  large  amounts 
of  energy  in  a short  time*  They  are  known  as  "fission”  and  "fusion"* 

In  fission,  a free  (or  unattached)  neutron  enters  the  nucleus  of  a 
fissionable  atom  (certain  isotopes  of  uranium  or  plutoneum)  and  splits 
the  nucleus  into  two  smaller  parts*  This  is  the  fission  process*  It  is 
accompanied  by  the  release  of  a large  amo\mt  of  energy*  The  smaller 
(or  lighter)  nuclei  which  result  are  called  the  "fission  products"* 

*nie  complete  fission  of  1 pound  of  uranium  or  of  plutonium  can  produce 
as  much  energy  as  the  explosion  of  9»000  tons  of  TNT* 

In  fusion,  a pair  of  light  nuclei  fuse  (or  unite)  together  to  form 
a nucleus  of  a heavier  atom  with  the  release  of  a large  amount  of  energy* 
The  fusion  of  all  nuclei  present  in  1 pound  of  the  hydrogen  isotope 
deuterium  releases  roughly  the  same  amount  of  energy  as  the  explosion  of 
26,000  tons  of  TNT*  Fusion  reactions  can  be  brought  about  by  means  of 
very  high  temperat\ires  * They  are,  therefore,  referred  to  as  "thermo- 
nuclear processes"* 

A distinction  is  sometimes  made  between  atomic  weapons,  in  which  the 
energy  arises  from  fission  and  hydrogen  (or  thermonuclear)  weapons 
involving  fusion*  However,  both  in  fission  and  fusion  nuclear  reactions 
are  involved*  Both,  therefore,  may  be  referred  to  as  "nuclear  weapons"* 

Energy  Yield  of  a Nuclear  Explosion 

The  power  of  a nuclear  weapon  is  expressed  in  terms  of  its  total 
energy  release  (or  yield)  compared  with  the  energy  liberated  by  TNT  when 
it  explodes*  Thus,  a 1 KT  (kiloton)  is  equivalent  to  1,000  tons  of 
TNT;  a 1 MT  (megaton)  is  equivalent  to  1,000  KT  or  1 million  tons  of  TNT, 

Types  of  Nuclear  Explosions 

For  convenience  and  descriptive  purposes  only,  four  types  of  bursts 
are  distinguished* 

(1)  Air  Bursts 

( 2)  Surface  Bursts 

(3)  Subsurface  Bursts 
a*  Underwater 

b.  Underground 

(1)  An  "air  burst"  is  one  in  which  the  bomb  is  exploded  in  the  air, 
above  land  or  water,  at  such  a height  that  the  fireball  (at  mayinnim 
brilliance)  does  not  touch  the  surface* 

(2)  A "surface  burst"  is  one  in  which  the  weapon  is  exploded  either 
at  the  actual  surface  of  the  land  or  water  or  at  any  height  above  the 
surface  such  that  the  fireball  (at  maximum  brilliance)  touches  the  land 
or  water. 


(3)  An  "underwater  burst"  is  one  in  which  the  boanb  is  e^qjloded 
under  the  surface  of  water* 

(4)  An  "underground  bxirst"  is  one  in  which  the  banb  is  exploded 
beneath  the  ground. 

Height  of  Bxirst  (HOB) 

Most  targets  of  interest  to  civil  and  defense  mobilization  planners 
are  on  the  ground*  Therefore,  the  predictions  of  blast  pressures  along 
the  ground  is  more  important  than  the  prediction  of  free  air  blast  pres- 
8\ires*  One  of  the  important  factors  which  determines  how  far  a particu- 
lar pressure  from  a given  weapon  will  extend  along  the  ground  is  the 
height  of  burst  because: 

1*  The  height  of  burst  determines  the  strength  of  the  original 
and  reflected  waves 

2.  It  determines  the  angle  at  which  the  blast  wave  hits  the 
ground  and  whether  or  not  a Mach  effect  occurs* 

For  civil  and  defense  mobilization  planning  purposes  two  types  of 
air  bursts  are  important:  (a)  a typical  and  (b)  an  optimum  air  burst* 

A typical  air  burst  is  a burst  at  such  a height  above  the  earth  that  it 
is  expected  to  cause  the  maximm  blast  damage  to  an  average  city*  For 
a 1 MT,  the  height  would  be  at  least  2,900  feet  above  the  earth’s  suiv 
face.  Such  a height  would  result  in  negligible  local  fallout*  '^An 
optimum  air  burst  is  a burst  at  such  a height  above  the  earth  that  it 
would  cause  maximum  blast  damage  to  structures  on  the  ground  for  the 
particular  targets  concerned.  At  Hiroshima  and  Nagasaki,  the  height  of 
burst  for  the  20  KT  weapons  was  about  1,850  feet*  Actually,  there  is 
no  single  optimum  height  of  burst,  with  regard  to  blast  effects,  for 
any  specified  explosion  energy  yield,  because  the  chosen  height  of 
burst  will  be  determined  by  the  natxire  of  the  target*  As  a rule, 
strong  (or  hard)  targets  will  require  low  air  or  surface  bursts*  For 
weaker  targets,  which  are  destroyed  or  damaged  at  relatively  low  over- 
pressures or  dynamic  pressures,  the  height  of  burst  may  be  raised  in 
order  to  increase  the  area  of  damage,  since  the  Mach  effect  extends  the 
distances  at  which  low  pressure  result*  The  air  burst  data  presented 
in  this  document  are  for  a typiceil  air  burst* 

Although  four  distinct  types  of  bursts  have  been  listed,  there  is 
actually  no  clear  line  of  demarcation  between  them*  As  the  height  of 
burst  is  decreased,  an  air  burst  gradually  assumes  the  characteristics 
of  a surface  burst*  Similarly,  a surface  burst  merges  into  a subsurface 
burst  at  a shallow  depth,  when  part  of  the  ball  of  fire  actually  breaks 
through  the  surface  of  the  land  or  water* 

Ground  Zero  and  Surface  Zero 

In  a discussion  of  the  effects  of  nuclear  detonations,  the  term 
"ground  zero"  and  "surface  zero"  is  often  used*  Ground  zero  is  the 
point  on  the  earth’s  surface  immediately  below  (or  above)  the  point  of 


D-U 


detonation.  In  some  pubJJLcations,  ground  zero  is  called  the  **hypocenter" 
of  the  explosion.  For  a burst  over  (or  under)  water,  the  corresponding 
point  is  generally  called  "surface  zero".  Horizontal  distances  along 
the  groiind  to  which  various  effects  extend  are  measured  from  gro\ind  zero. 

Characteristics  of  Nuclear  Explosions 

Characteristics  usually  associated  with  nuclear  e^losions  are: 

1.  The  ball  of  fire  (Fireball) 

2.  The  atomic  (radioactive)  cloud 

3 . Thermal  radiation 

4.  Air  blast 

5 . Crater 

6 • Nuclear  radiation 

a.  Initial  radiation 

b.  Residual  radiation  (including  fallout) 

1.  The  Fireball 

Almost  at  the  instant  of  a nuclear  e3q)losion  there  is 
formed  an  intensely  hot  and  luminous  mass,  roughly  spherical 
in  shape,  called  the  "ball  of  fire"  or  "fireball".  Although 
the  brightness  of  the  fireball  decreases  with  time,  after 
about  seven- tenths  (0.7)  of  a millisecond,  the  fireball  frcaa 
a 1 MT,  air  or  surface  burst,  would  appear  to  an  observer  60 
miles  away  to  be  more  than  30  times  as  brilliant  as  the  sun 
at  noon.  In  several  tests,  the  glare  in  the  sky,  in  the  early 
hours  of  dawn,  has  been  visible  400  (or  more)  miles  away.  As 
a general  rule,  the  luminosity  of  the  fireball  does  not  vary 
greatly  with  the  energy  (or  power)  of  the  bcMnb.  Page  C-l(, 
indicating  estimated  weapon  sizes  for  different  lengths  of 
time  (seconds)  of  flash,  is  based  on  the  ball  of  fire  phenomena. 
The  application  of  the  intersection  procedure  for  estimating 
the  approximate  loc^ion  of  a ground  zero  ( see  Appendix  c 1 is 
also  based  on  the  fireball  phenomena. 

The  effects  of  types  of  burst  on  the  ball  of  fire  are  as 
follows : 

a.  Air  burst  - In  a typical  air  burst,  the  ball  of  fire 
does  not  touch  the  s\irface  of  the  ground. 

b.  Surface  burst  - In  a surface  burst,  the  ball  of  fire 
will  touch  the  surface  of  the  earth.  Because  of  the 
intense  heat,  a considerable  amount  of  rock,  soil  and 
other  material  located  in  the  area  will  be  vaporized. 
In  a 1 MT,  if  only  5 percent  of  the  energy  is  spent 

in  this  manner,  approximately  20,000  tons  of  vaporized 
soil  material  will  be  cuided  to  the  normal  constituents 
of  the  fireball.  In  a water  surface  burst,  for  a 1 
MT,  if  only  5 percent  of  the  energy  is  spent  in  this 
manner,  about  100,000  tons  of  water  will  bo  converted 
into  vapor. 
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Typ««  of  Bor«t«  for  a I MT 


1 
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c*  Subsurface  burst  - If  the  detonation  is  not  too  deep^ 
the  fireball  may  be  partially  visible.  With  deeper 
bursts  no  fireball  will  be  visible. 

The  Atomic  (radioactive)  Cloud 

As  the  fireball  increases  in  size  and  cools,  the  vapors 
condense  to  form  a cloud  containing  solid  particles  of  the  bomb 
debris,  as  well  as  many  small  drops  of  water  derived  from  the 
air  sucked  into  the  ascending  ball  of  fire.  The  color  of  the 
atomic  cloud  thus  formed  is  initially  red  or  reddish  brown. 

As  the  ball  of  fire  cools  further  and  condensation  occurs, 
the  color  of  the  atomic  cloud  changes  to  white  mainly  due  to 
the  water  droplets.  The  eventual  height  of  the  cloud  depends 
upon  the  heat  energy  of  the  bmb  and  upon  the  temperature 
gradient  and  density  of  the  surrounding  air.  The  greater  the 
amount  of  heat  liberated,  the  greater  will  usually  be  the 
upward  thrust  due  to  buoyancy  and  so  the  greater  will  be  the 
distance  the  cloud  ascends.  It  is  probable,  however,  that  the  ma-iriiTiinn 
height  attainable  by  an  atomic  cloud  is  affected  by  the  height 
of  the  top  of  the  troposphere,  i,e,  by  the  base  of  the 
stratosphere,  for  atomic  clouds  >diich  reach  this  level.  In 
the  megaton  range  tests,  the  tops  of  the  clouds  rose  to 
heights  of  about  25  miles.  When  the  atomic  cloud  reaches 
a level  idiere  its  density  is  the  same  as  that  of  the  surround- 
ing air,  or  upon  reaching  the  base  of  the  stratosphere,  part 
of  the  cloud  slows  its  rise,  and  starts  to  spread  out  hori- 
zontally, This  forms  the  mushroom-shaped  cloud  characteristic 
of  nuclear  weapons.  The  mushroom  cloud  generally  remains 
visible  for  about  an  hour  before  it  is  dispersed  by  the  winds 
into  the  surrounding  atmosphere  and  merges  with  other  clouds 
in  the  sky. 

The  effects  of  types  of  burst  on  tne  atoaad.c  cloud  are  as 
follows: 


a.  Air  burst  - In  a typical  air  burst,  the  atomic  cloud 
rises  to  various  heights  as  previously  described, 

b.  Surface  burst  - In  a surface  burst,  the  rate  of  rise 
of  the  atomic  cloud  is  the  same  as  for  a typical  air 
burst.  The  height  of  cloud,  however,  does  not  go  as 
high  as  from  an  air  burst.  In  a surface  burst  the 
atomic  cloud  is  much  more  heavily  loaded  with  debris. 
The  exact  composition  of  the  cloud  depends  on  the 
nature  of  terrain  and  extent  of  contact  with  the  ball 
of  fire. 
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c.  Submirface  burst  - The  atomic  cloud  from  a subsurface  burst 
docs  not  rise  as  rapidly  or  go  as  high  as  from  an  air  burst, 

3*  Radiation 

Thermal  radiation  consists  of  heat  and  light  produced  by  a nuclear 
explosion.  The  principal  characteristics  of  thermal  radiation  are  that 
itx 

a.  Travels  at  the  speed  of  light  (186,000  miles  per  second) 

b.  Travels  in  a straight  line 

c.  Has  very  little  penetrating  power 

d.  Can  be  easily  absorbed  or  attenuated 

e.  Can  be  scattered 

f.  Can  be  reflected. 

The  total  amount  of  thermal  energy  produced  is  very  great.  For 
every  kiloton  of  yield,  approximately  330  billion  calories  are  released. 
This  is  equivalent  to  about  400,000  kilowatt  hours.  More  total  thermal 
energy  is  released  as  the  yield  is  increased;  however,  it  is  emitted  at 
a slower  rate.  Because  the  emission  time  increases  with  yield,  the 
amount  of  thermal  energy  per  unit  of  area  required  to  produce  bums  also 
increases  with  yield.  Since  thermal  radiation  is  transmitted  at  the 
speed  of  light,  it  begins  to  strike  instantaneously  following  a detonation. 
Thermal  radiation  produces  bums  on  people  and  ignition  of  ccMnbustible 
materials.  Bums  are  produced  in  skin  (or  in  any  other  material)  when 
heat  is  delivered  sufficiently  fast  to  the  material  that  the  surface 
temperature  of  the  material  rises  sufficiently  to  cause  injury  or  damage 
or  even  ignition  of  combustible  materials.  When  heat  is  delivered  to  a 
surface  so  rapidly  that  it  cannot  be  dissipated  by  conduction  or  radiation, 
this  damaging  temperature  rise  occurs.  The  quantity  of  heat  or  thermal 
energy  delivered  by  thermal  radiation  is  expressed  in  calories  per 
square  centimeter,  (A  calorie  is  the  amount  of  heat  required  to  raise 
the  ten5>erature  of  one  gram  of  water  one  degree  centigrade,)  The  thermal 
energy  from  a nuclear  explosion  is  delivered  extremely  rapidly  during  the 
first  portion  of  the  thermal  pulse;  it  is  this  very  rapid  delivery  of 
calories  which  causes  the  rapid  temperature  rise  in  the  material  it 
strikes,  and  which  produces  a bxim  on  skin,  or  charring  or  ignition  of 
other  materials. 

Because  it  is  easier  to  measure  the  total  thermal  pulse  produced  by 
a %reapon  in  calories  per  square  centimeter,  than  it  is  to  measure  the 
rate  of  delivery  of  this  energy,  the  criteria  for  bums  and  damage  to 
other  materials  are  usually  expressed  in  calories  per  square  centimeter. 

The  t3rpe  of  burst  is  the  most  important  factor  to  consider  vrtien  pre- 
dicting the  distance  to  which  thermal  radiation  extends.  All  types  of 
btirsts  - air,  surface  and  undergroiind  - release  the  same  amount  of  thermal 
energy  for  a specific  weapon  yield.  However,  the  amount  reaching  a 
specific  area  from  type  of  burst  is  different.  The  effects  of  typos  of 
bursts  on  thermal  radiation  are  as  follows: 

a.  Air  burst  - A typical  air  burst  produces  the  most  thermal 
radiation  on  a target  area. 
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b.  Surface  burst  - A surface  burst  produces  about  1/3  as  much 
thermal  radiation  on  the  target  area  as  an  air  burst* 

c*  Subsurface  burst  - A subsurface  burst  produces  no  significant 
thermal  radiation  on  the  target  area.  Practically  all  of  the 
thermal  radiation  is  trapped  by  an  underground  burst  with 
much  of  the  heat  being  used  to  vaporize  the  surrounding  earth* 

4*  Air  Blast 

As  the  gases  in  the  ball  of  fire  move  outward  rapidly,  they  push 
away  the  surrounding  medium  - air,  water,  or  earth  - with  great  force,  thus 
causing  the  destructive  (blast  or  shock)  effects  of  the  explosion*  This 
is  the  *n3last”  wave*  The  term  ’Halast”  is  generally  used  for  the  effect 
in  air,  because  it  resembles  (and  is  accompanied  by)  a very  strong  wind* 

The  term  “shock"  is  generally  used  for  the  effect  in  water  or  underground 
because  it  is  like  a sudden  impact* 

The  front  of  the  blast  wave  is  called  the  "shock  front"*  It  moves 
rapidly  away  from  the  fireball,  behaving  like  a moving  wall  of  highly 
compressed  air*  In  a 1 MT,  the  blast  wave  has  travelled  about  12  miles 
at  30  seconds  after  the  explosion  when  the  ball  of  fire  is  no  longer 
visible*  It  is  then  moving  at  about  1,150  feet  per  second  - slightly 
faster  than  the  speed  of  sound  at  sea  level*  Initially,  the  velocity  of 
the  shock  front  is  quite  high,  many  times  the  speed  of  sound,  but  as 
the  blast  wave  progresses  outward,  it  slows  down  as  the  shock  front 
weakens.  Finally,  at  long  ranges,  the  blast  wave  becomes  essentially  a 
sound  wave  and  its  velocity  approaches  ambient  sound  velocity*  Table  I 
in  Chapter  I is  based  on  this  phenomenon* 

When  the  blast  wave  strikes  the  surface  of  the  earth,  it  is  reflected 
back*  This  reflected  blast  wave  is  also  capable  of  producing  damage*  At 
a certain  region  on  the  surface,  the  direct  and  reflected  shock  fronts 
fuse  since  the  reflected  shock  front  moves  faster  than  the  incident  shock 
and  eventually  overtakes  it*  This  fusion  phenomenon  is  called  the  "Mach 
effect"*  When  a bomb  is  detonated  at  the  surface,  i*e*  in  a contact 
surface  burst,  only  a single  merged  wave  develops.  Consequently,  only 
one  shock  will  be  experienced  either  on  or  above  the  ground.  The  "over- 
pressure" i*e.  the  pressure  in  excess  of  the  normal  atmospheric  value 
(14.7  pounds  per  square  inch  at  standard  sea  level  conditions)  at  the 
front  of  the  Mach  wave  is  generally  about  twice  as  great  as  that  at 
the  direct  shock  front.  The  maximum  value,  i*e.  at  the  shock  front, 
is  called  the  "peak  overpressure". 

The  blast  effect  of  a nuclear  weapon  is  important  as  both  a damaging 
agent  against  material  and  as  a casualty  producer.  Casualties  arise  from 
collapsing  buildings  and  flying  debris  which  are  caused  by  blast.  Damage 
to  stnactures  arise  from  the  "peak  overpressures"  and  "dynamic  over- 
pressures" — the  two  forces  which  produce  damage  to  structures.  A 
difference  in  the  air  pressure  acting  on  separate  surfaces  of  a structure 
produces  a force  on  the  structure.  Peak  overpressures  is  the  force  which 
produces  damage  by  squeezing  or  crushing  material*  Dynamic  pressures  - 
the  measure  of  the  force  associated  with  the  high  winds  immediately 
following  the  blast  wave  as  it  moves  away  from  the  burst  point-produce 
damage  by  pushing,  tumbling  or  tearing  material  apart* 


The  effects  of  types  of  biirst  on  air  blast  are  as  follows: 

a.  AL"  burst  - A typical  air  burst  produces  the  most  blast  effect. 

b.  Svirface  burst  - A surface  burst  produces  less  blast  effect 
because  some  of  the  blast  energy  is  used  to  produce  a crater. 

c.  Subsurface  burst  - The  underground  burst  produces  the  least 
blast  effect  because  more  blast  energy  is  used  to  produce  a 
larger  crater.  The  deeper  the  weapon  is  detonated,  the  less 
air  blast  is  produced.  Should  a weapon  be  burst  deep  enough, 
there  would  be  no  blast  energy  reaching  the  surface  and, 
therefore,  no  air  blast  effects. 

In  Chapters  IV  and  V will  be  foxmd  tables  showing  the  distances  at 
which  specific  peak  and  dynamic  overpressures  occur  for  air  and  surface 
bursts. 

Crater 


In  a surface  and  subsurface  burst,  the  expanding  ball  of  fire 
vaporizes,  pushes  and  throws  out  huge  amounts  of  soil.  The  result  is  a 
crater.  If  a 1 MT  penetrated  underground  in  sandy  soil  to  a depth  of 
about  50  feet  before  exploding,  the  resulting  crater  would  be  about 
190  feet  deep  and  nearly  1,400  feet  across.  This  means  that  approxi- 
mately 10  million  tons  of  soil  and  rock  wotild  be  hurled  upward  from  the 
earth’s  surface. 

A considerable  amount  of  earth  is  carried  up  into  the  stem  and 
cloud.  Of  the  earth  that  is  thrown  out,  a considerable  amount  falls 
around  the  edge  of  the  crater  to  form  a lip.  The  diameter  of  this 
lip  is  about  twice  the  size  of  the  crater  diameter,  and  its  height 
about  1/4  the  crater  depth.  The  shock  wave  pi^xiuced  by  the  detonation 
is  transmitted  through  the  svirrounding  earth,  the  degree  of  transmission 
being  dependent  on  the  soil  density.  Outside  the  crater  for  a distance 
from  ground  zero  to  about  1.5  times  the  crater  radius,  there  are  innumer- 
able cracks  of  various  sizes  in  the  soil.  This  area  is  called  the  rupture 
zone.  Outside  this  rupture  zone,  there  usually  is  a plastic  zone  in 
which  there  is  no  visible  rupture  although  the  soil  is  permanently 
deformed  or  displaced.  In  average  soil,  this  plastic  zone  extends  for  a 
distance  of  about  two  times  the  crater  radius  frcmi  ground  zero.  There 
is  no  plastic  zone  in  hard  rock. 

In  general,  the  size  of  the  crater  produced  depends  on: 

a.  Weapon  yield 

b.  Tyi>e  of  soil 

c.  Depth  of  burst 

A typical  air  burst  does  not  produce  a crater.  Only  surface  and 
subsurface  biirsts  produce  a crater.  It  is  believed  that,  for  a 1 MT, 
there  would  be  no  appreciable  crater  formation  unless  the  detonation 
occurs  at  an  altitude  of  450  feet  or  less. 
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Nuclear  Ptadiation 


For  civil  and  defense  mobilization  purposes,  two  types  of  nuclear 
radiations  are  considered  significant.  These  are  (l)  initial  nuclear 
radiation  and  (2)  residual  nuclear  radiation. 

a.  Initial  nuclear  radiation  - It  is  that  which  is  emitted  by  the 
nuclear  e^qDlosion  within  the  first  minute  after  the  burst i 
Originating  from  the  fireball,  initial  nuclear  radiation  consists 
of;  (l)  Alpha  and  beta  particles  (2)  Gamma  radiation  and 
(3)  Neutrons.  Alpha  and  beta  particles  have  a very  short  range. 
The  range  of  alpha  particles  is  only  a few  centimeters  in  the 
air;  beta  particles  have  a range  of  a few  meters  in  air.  Alpha 
and  beta  particles  have  limited  penetrating  power.  The  range 
of  gamma  rays  in  air  is  in  thousands  of  meters;  neutrons  have 
a range  in  air  in  hundreds  of  meters.  Both  have  greater  pene- 
trating power. 

The  principal  characteristics  of  initial  nuclear  radiation  are: 

1.  It  travels  at  the  speed  of  light. 

2.  It  travels  essentially  along  straight  lines,  although  a major 
portion  of  the  total  radiation  is  scattered  at  the  ranges 
normally  of  interest. 

3«  A portion  of  the  radiation  is  absorbed  by  the  atmosphere  through 
which  it  passes, 

4.  It  has  very  high  penetrating  power. 

The  gamma  rays  travel  at  the  speed  of  light.  Neutrons  travel  a little 
more  slowly,  but  still  at  an  extremely  fast  rate.  All  the  neutrons  are 
emitted  within  about  one  second  after  burst.  The  initial  garana  radiation 
is  emitted  over  a period  of  time  depending  upon  weapon  yield. 

The  effects  of  types  of  burst  on  initial  nuclear  radiation  are  as 
follows; 

a.  Air  burst  - The  amount  of  initial  nuclear  radiation  produced 
and  received  by  a target  from  a typical  air  burst  are  about  the 
same  as  for  a surface  burst  for  a weapon  size  of  the  same  yield. 
However,  if  the  burst  height  is  low,  significant  initial  nuclear 
radiation  reaches  the  ground,  principally  in  the  form  of  gamma 
rays  and  neutrons.  Gamma  rays,  although  harmful  to  people,  do 
not  produce  radioactivity  in  other  elements  or  materials. 

Neutrons  on  the  other  hand,  produce  radioactivity  in  certain 
elements  normally  found  in  soil  or  water.  Thus,  the  neutrons 
hitting  the  ground  within  the  vicinity  of  ground  zero  penetrate 
to  a depth  of  about  a half  a meter  and  make  the  soil  radioactive. 
The  soil  then  emits  gamma  and  beta  particles.  This  type  of 
radiation  is  called  "induced”  radiation. 
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b.  Surface  burst  - The  amount  of  initial  nuclear  radiation  produced 
and  received  by  a target  are  about  the  same  as  for  a typical 
air  burst  for  a weapon  size  of  the  same  yield, 

c,  Subs\irface  burst  - The  amount  received  by  a target  of  the  same 
yield  as  for  an  air  or  surface  burst  is  less. 

The  initial  radiation  produced  by  surface  and  subsurface  bursts  has 
little  significance  when  compared  to  the  large  amounts  of  radiation 
produced  by  fallout, 

b.  Residual  Nuclear  Radiation  - Residual  radiation  is  the  nuclear 
radiation  emitted  after  one  minute.  It  is  emitted  by  the 
radioactive  materials  originally  in  a nuclear  weapon  or  created 
by  the  bxirst  itself.  These  radioactive  materials  can  be: 

1,  Fission  products  which  are  newly  formed  elements  and  some  new 
isotopes  created  during  the  explosion.  These  fission  products 
emit  principally  beta  particles  and  gamma  radiation. 

2,  Earth  and  other  radioactive  materials  which  has  been  made 
radioactive  by  the  nuclear  reaction.  These  emit  principally 
beta  particles  and  gamma  radiation. 

Residual  radiation  does  not  contain  neutrons.  However,  it  consists 
of  alpha  and  beta  particles  which  may  cause  significant  radiation  injtiry. 
The  effects  of  types  of  bursts  on  residual  radiation  are  as  follows: 

a.  Air  burst  - In  a typical  air  burst,  the  radioactive  material  is 
carried  up  with  the  cloud  and  the  winds  spread  the  cloud  over 

a wide  area.  These  materials  later  fall  to  the  ground,  but  are 
spread  over  such  a wide  area  that  the  radioactivity  in  any  one 
spot  is  not  significant  except  when  precipitation  falls  through 
the  cloud. 

b.  Surface  burst  - In  a siirface  burst,  the  particles  of  soil 
mixed  in  the  fireball  scavenge  out  fission  products  which  then 
fall  back  to  the  ground.  As  they  are  falling,  the  winds  scatter 
them  over  an  extensive  area.  So  much  radioactive  material 
falls  that  the  area  is  contaminated  with  high  intensities  of 
radioactivity  (emitted  principally  in  the  form  of  gamma  rays 
and  beta  particles).  This  type  of  residual  radiation  is  called 
fallout.  The  extent  and  natiire  of  fallout  can  range  between 
wide  extremes,  and  is  influenced  by  a combination  of  factors, 
Scwne  of  these  are: 

(1)  Yield  and  design  of  weapon 

(2)  The  height  of  burst 

(3)  Meteorological  conditions 

(4)  Nature  of  the  terrain, 

c.  Subsurface  burst  - As  regards  residual  radiation,  the  same 
events  occur  in  a subsurface  burst  as  in  a surface  bxirst.  The 
major  difference  between  a surface  and  subsurface  burst,  is 

that  the  area  contaminated  by  low  intensities  is  larger 
in  a surface  burst,  while  the  area  contaminated  by  high 
inti  ities  is  smaller  from  a surface  burst. 
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A summary  of  the  nuclear  characteristic  for  all  types  of  bursts  is  as  follows} 
Air,  Surface  and  Subsurface  Bursts 
Comparison  of  Characteristic 


Characteristic  Air  Burst 

(Typical) 


Surface 

Burst 


Subsurface 

Burst 


1,  Ball  of  fire 


a.  Visible  a.  Visible 

b.  Does  not  Touch  sur-  b.  Touches  surface 
face  ( ground  or  water)  (ground  or  water) 


a.  If  not  too  deep  - 
visible 

b.  If  deep  - not 
visiDla 


2. 


The  atomic  (radio-  a, 
active)  cloud 

b. 


Cloud  rises  to  various 
heights  depending  on 
height  of  bijrst 
Not  too  heavily  loaded 
with  debris 


a.  Cloud  does  not  a* 
rise  as  high  as  in 
air  burst 

b.  More  heavily  loaded 
with  radioactive  b. 
debris  than  an  air 
burst 


Cloud  does  not 
rise  as  high  as 
in  air  or  surface 
burst 

More  heavily 
loaded  with  radio- 
active debris  than 
an  air  burst. 


3.  Thermal  radiatioa  Produces  most  thermal 
radiation  on  target 
area 


li.  Air  Blast  Produces  most  blast 

effect 


$.  Crater  No  crater  produced 


Produces  about  l/3  as  Produces  no  signifi- 
much  thermal  radiation  cant  thermal  radia- 
on  target  area  as  an  tion  on  target  area, 
air  burst  Practically  all 

thermal  radiation 
trapped  underground 


Produces  less  blast 
effect  than  in  an  air 
burst  because  some  of 
blast  energy  used  to 
produce  a crater 


Appreciable  crater 
formed  (For  a IMT 
detonation  would 
have  to  be  at  U50 
feet  or  less) 


Produces  least  blast 
effect  because  most 
of  blast  energy  used 
to  produce  a larger 
crater.  The  greater 
the  depth  of  burst, 
the  less  the  air  blast 
produced.  No  blast 
energy  would  reach 
surface  if  detonated 
deep  enough  and  there- 
fore no  air  blast 
effect 

Very  large  crater 
fomed  (at  $0  feet 
deep  in  sandy  soil, 
crater  would  be  190 
feet  deep  and  lliOO 
feet  across) 
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Charactarlstlo 

6.  Nuclear  Radiation 

Initial  a, 

b. 


Air  Bvrst 
(Typical) 


Produces  same  amo\mt  a* 
as  for  a surface  b\s*st 
for  a weapon  size  of 
same  yield 

Amount  received  by  b» 
target  area  same  as 
for  a surface  burst 
for  a weapon  size  of 
same  yield' 


Surface 

Burst 


Produces  same  amount 
amount  as  an  air 
burst  for  a weapon 
size  of  same  yield 
Amount  received  by 
target  area  same  as 
for  an  air  burst 
for  a weapon  size 
of  same  yield 


7.  Residual 


The  very  small  parti- 
cles rise  to  such  a 
height  that  the  nuclear 
radiations  no  longer 
reach  the  ground. 
Produces  no  signifi- 
cant radiation  in  any 
one  spot  except  when 
precipitation  falls 
through  the  cloud. 


Produces  significant 
radiation  over  an  ex- 
tensive area  in  fom 
of  fallout  area  con- 
taminated by  low  in- 
tensities larger  than 
in  a subsurface  burst 


Subsurface 

Burst 


a.  Produces  same 
amount  as  an  air 
and  surface  burst 
for  a weapon  size 
of  same  yield 

b.  Amount  received 
by  target  area 
less  than  for  an 
air  or  siu'face 
burst  for  a weapon 
size  of  same  yield 

Area  contaminated 
with  high  intensi- 
ties greater  than 
a surface  burst 


Casualty  and  Damage  Effects 


1,  Ball  of  Fire  - The  flash  of  light  created  by  the  fireball  can  dazzle 
people.  Dazzle  from  a burst  during  daylight  hours  does  not  persist  for  more  than 
about  5 minutes.  Only  persons  facing  the  burst  will  be  dazzled.  At  night,  dazzle 
will  be  sustained  by  almost  all  persons  within  the  target  area*  It  persists  for 
about  10  minutes  in  persons  facing  the  burst  and  about  3 minutes  in  all  others. 
Loss  of  vision,  however,  persists  for  much  longer  periods.  Retinal  bums  will  be 
sustained  only  when  the  eye  is  focused  directly  on  the  fireball.  Retinal  bxims 
leave  permanent  eye  injury  and  usually  resxilt  in  small  permanent  blind  spots. 

At  night  loss  of  vision  may  last  for  periods  of  several  hours. 

2.  Thermal  Radiation  - People  and  things  are  vulnerable  to  thermal  radia- 
tion. People  can  be  burned  by  the  heat.  Bums  are  classified  as; 

a.  First  degree  - redness  of  skin  (like  mild  sunburn) 

b.  Second  degree  - blistering  of  skin 

c.  Third  degree  - charring  of  skin  and  tissue  beneath  the  surface 
of  the  skin. 

Whether  or  not  people  become  casualties  depends  on  the  severity,  location  and 
size  of  the  bum.  A bum  around  the  eyes  is  worse  than  the  same  size  on  the 
leg.  A bum  over  the  whole  body  is  worse  than  a bum  over  a small  part  of  the 
body.  A second  degree  bum  is  worse  than  a first  degree  bum.  Second  degree 
bums  produce  casualties. 

The  thermal  energy  from  a nuclear  explosion  will  produce  primary  ignition  of 
dried  leaves,  grass  and  rotten  wood.  Where  the  radiation  gets  through  the  canopy 
of  branches  and  leaves  in  a forest,  a forest  fire  may  result.  Whether  or  not  a 
forest  fire  of  consequence  will  develop  depends  on: 

a.  Tree  canpoy 

b.  Recent  weather  (hot  and  dry  or  wet) 

c.  Availability  of  forest  fuels 

d.  Wind 

e.  Topography  (steep  or  level  terrain) 

The  growth  and  spread  of  the  fire  will  be  influenced  by  the  moisture  content 
of  the  trees,  topography  and  meteorological  conditions.  Low  atmospheric  humidity, 
strong  winds,  and  steep  terrain  favor  the  development  of  forest  fires.  In 
general,  a deciduous  forest  (maple,  oak,  etc.)  particularly  when  in  leaf,  will 
bum  more  slowly  than  will  a coniferous  forest  (pine,  spmce,  etc.). 


Fires  can  originate  in  a city  hit  by  a nuclear  weapon  in  two  general  ways: 

(1)  From  ignition  by  direct  thermal  radiation  kindling  of  fuels  such  as 
paper,  trash,  window  curtains,  dry  grass  or  leaves;  and  dry  rotted 
wood,  or 

(2)  From  effect  of  the  destmction  caused  by  the  blast  wave  (fires  can 

be  started  by  upset  stoves,  electric  short  circuits,  and  broken 
gas  lines) 


The  prediction  of  fires  and  their  results  ifi  cities  is  extremely  difficult 
•luce  the  spread  of  fires  in  a city  depends  on  a nupiber  of  factors  such  as 
weather,^ terrain  and  the  spacing  and  combustibility  of  buildings.  The  most 
important  factors  are  building  density  and  the  distance  between  buildings.  The 
following  table  shows  the  probability  of  fire  spread: 


Probability  of  Fire  Spread 


Probability  that  the 
fire  will  spread 
( percent  j 


Distance  between 
buildings 
(meters) 


0 

100 

10 

55 

20 

30 

40 

20 

60 

15 

80 

8 

100 

0 

3.  Air  Blast  - When  considering  damage  to  structures  and  things,  the  most 
important  effect  in  a nuclear  ejqplosion  is  blast.  In  general,  blast  damages 
structures  either  through  the  crushing  action  of  the  peak"  overpressxire,  or  through 
the  lateral  displacement,  tumbling  or  tearing  apart  caused  by  the  dynamic 
pressures.  Structures  are  classified  into  two  types: 

(1)  Those  sensitive  to  crushing,  called  ”dif fraction  type” 

(2)  Those  sensitive  to  lateral  displaconent,  called  "drag  type". 


Damage  to  structures  is  classified  by  degree  as: 

a.  bevere  damage 

b.  Moderate  damage 

c.  Slight  damage 

Severe  damage  - A degree  of  damage  that  precludes  fui'ther  use  of  the 
structure  or  object  for  its  intended  purpose  without  essentially  con5)lete 
reconstruction.  For  a structure  or  building,  collapse  is  generally  implied. 

Moderate  damage  - A degree  of  damage  to  principal  members  that  precludes 
effective  use  of  the  structure  or  object  for  its  intended  purpose  unless  major 
repairs  are  made. 

Slight  Damage  - A degree  of  damage  to  buildings  resulting  in  broken 


windowa^  slight  damage  t.o  roofing  and  siding,  blowing  down  of  light  interior 
partitions,  and  slight  cracking  of  cxirtain  wallb  in  buildings. 


Damage  radii  for  various  diffraction  and  drag  typo  structures 
as  well  as  other  types  of  features  are  contained  in  the  appropriate 
chapters,  Ihe  radii  data  are  based  on  a 
combination  of  theoretical  analysis  with  data  obtained  from  actual  nuclear 
explosions  both  in  Japan  and  at  various  tests,  as  well  as  from  laboratory  studies* 
However,  the  nature  of  any  target  complex,  especially  a city  is  such  that  no 
exact  prediction  of  the  effect  of  blast  on  structures  can  be  made.  Note  is  it 
possible  to  indicate  the  reliability  of  the  prediction  for  any  particular  situa- 
tion. Nevertheless,  by  the  application  of  proper  judgement  to  the  available 
information,  it  is.i)ielJ,dved  that  results  of  practical  value  can  be  obtained.  The 
data  presented  in  this  document,  y are  based  on  infonnation  believed  to 
be  the  most  representative  for  the  average  situation  that  might  be  encountered 
in  actual  target  complexes. 

In  addition  to  the  damage  criteria  furnished  for  various  specific  structural 
types,  damage  criteria  are  furnished  itr-iBhapter: 5'  - for  describing  or 

classifying  the  damage  to  a city  complex.  This  system  classifies  damage  to 
average  buildings  in  a city  and  is  useful  for  gross  planning  purposes.  Since  it 
refers  to  average  conditions,  it  should  not  be  used  to  describe  damage  suffered 
by  a structure  which  may  be  stronger  or  weaker  than  the  average  or  for  such 
features  as  aircraft  and  ships. 

Effects  on  people,  unlike  damage,  are  not  classified  as  to  degree.  Casualties 
are  classified  as:  (a;  Deaths  (b)  Surviving  injured  (c)  Uninjiired.  The  term 

"casualties”,  thus,  includes  deaths  (fatalities).  Chapters 6 xontafins ^ 
casualty  multipliers  to  use  with  the  casualty  zones. 

The  direct  effects  of  blast  to  people  are  from  peak  overpresstires  and 
translational  forces. 

(1)  People  are  relatively  immune  to  peak  overpressxires . Very  high  over- 
presstires  (ICX)  psi  or  more)  are  required  to  cause  deaths.  However, 
severe  internal  injuries  may  be  sustained  from  overpressures  as  low 
as  7 psi* 

(2)  The  translational  effects  which  cause  people  to  be  picked  up  and 
thrown  by  the  blast  and  to  receive  injxiries  upon  landing,  is  an 
important  casualty  producer. 

The  indirect  effects  of  blast  are  important  casualty  producers.  The  more 
important  of  these  indirect  effects  are: 

(1)  Flying  debris  hitting  people,  (missile  effect)  Tests  indicate  that 
overpressxires  as  low  as  5 psi  can  produce  200  to  600  missiles  per 
square  meter  flying  at  a speed  of  20  to  100  meters  per  second. 

(2)  Buildings  collapsing  on  people.  Blast-blown  debris  and  collapsing 
buildings  in  cities  can  cause  casualties  to  a proportion  of  the 
total  population  unless  both  timely  warning  and  shelters  are 
available. 
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Persons  in  t-ho  open,  strsnding,  will  be  picked  up  and  thrown  by  overpressures 
of  about  8 psi;  those  in  a flat  position,  will  be  picked  up  and  thrown  by  over- 
pressures of  about  12  psi.  Whether  or  not  these  become  casualties  depends  on  how 
and  what  they  strike  and  their  velocity  at  the  time  of  impact. 


A.  Crater  - Within  the  crater  itself  there  is  complete  destruction.  From 
the  edge,  of  the  crater  out  to  the  end  of  the  plastic  zone  varying  degrees  of 
damage  may  be  expected  for  different  types  of  undergrovmd  features. 


s. 


a.  Xiitta;  fcti— r • At  th«  mm  tlM  that  the  chanal 

flaah  is  ecaiuniatt  loia  f«aatitiaa  af  aaelaar  radlatiaa  (prlMrlly 
MBtraa  aad  smm)  ara  alM  anlctad  trtm  tha  flrri»all.  The  SMiint  oi 
Udtlal  auclaar  radlatiaa  raaaiaad  ky  a paraoe  ar  <^Ja«t  dapaods  la  part 
aa  tba  daaslty  af  tha  air  batwaaa  tha  auclaar  karat  aad  parson  or  ehjaet. 
At  tha  asM  dlstaaca  tha  daaaar  air  at  saa  lawal  absorbs  mmm  radlatiaa 
than  daas  tha  thlaasr  air  at  hlfh  altitudes.  lacauM  of  the  vary  high 
paaatratlas  power  af  bath  •autroaa  aad  gsasui  rays,  large  aaaunta  af 
Mtsrlal  arauad  aa  ladlwldual  ara  required  to  gat  a raasanabla  dagraa 

af  protactlaa.  far  a glwsa  thlckaass,  Mtotlala  that  eaataln  the  heavy 
slsaeats  (d«tM  Mtsrlals  aush  as  lead)  affars  tha  bast  ^etactloa 
sgalast  gauM  rays.  louad  for  padad  Mtarlals  that  eoatala  light 
ahssdcal  atssis  (such  as  aatar  ar  caaersta)  effar  tha  bast  protaetian 
agalsot  Bsutroas.  tha  initial  auclaar  radiations  ara  aff active  for 
apprcnlMtaly  tha  first  ninuta  aftar  tha  ajiplaslea.  Ganarally  for 
largar  ylald  waapaas,  tha  affaetlva  rsaga  of  thasa  radiations  ts  wlthla 
tha  ragloa  whara  savara  tharMl  and  blast  affects  ara  prasaat.  Thara- 
fora,  initial  naclaar  radiation  frosi  largo  ylald  weapons  is  of  little 
canaam  axcapt  parhaps  in  blast  shaltars.  Any  radiation  injury  froa 
initial  nuclear  radiation  Is  caused  alnast  cosqplataly  by  neutrons  and 
gMM  rays.  Tha  range  in  air  of  slfdui  and  beta  particles  Is  so  short 
that  diay  do  not  contribute  to  tha  initial  radiation  hasard.  Although 
there  is  som  scatter,  tha  bulk  of  tha  gsana  radiation  dose  is  racaivad 
by  an  ladlvldual  fron  ana  side  * tha  side  factOg  tha  burst.  However, 
baoausa  of  antaasiva  seattarlng  In  sir,  tha  directions  of  noticm  of 
neutrons  arc  ahsoat  rsndonly  distributed,  requiring  shielding  on  all 
sides. 

b.  ladiation  - Issidual  radiation,  unlike  Initial  radia* 
tlon  whl^  ccMs  froa  tha  fireball,  is  cuittad  by  tiia  radioaetiva 
Mtarlal  originally  la  tha  nuclear  weapon  or  craatad  by  tha  burst  Itself. 
Tha  radioactive  Mtarlals  can  be  fission  products  idiieh  ara  newly  fonaad 
alsMnts,  that  is  radioactive  isotopes  crested  by  tha  splitting  of 
hMvlar  atOM  during  tha  explosion.  Because  of  tha  trasiaiidous  heat 
iaduaad  aonvactiva  action  caused  by  a nuclear  explosion,  tha  pulvarisad 
and  gaseous  Mtarials  fron  tha  erster  (froa  a surface  burst)  ara  draws 
Into  tha  ascending  auclaar  cloud.  Tha  earth  particles  ara  ntixad  with 
the  radioaetiva  natarials  foraad  by  tha  fission  process  in  tha  weapon's 
dotanstlon.  Upon  racondansation  nany  of  the  earth's  particles  narga 
with  tha  radioaetiva  fission  fragments  beeonlng  contsalnatad.  These 
fission  products  suit  principally  beta  particles  and  ganBS  rays. 
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Mmtrmk  muy  mmkm  •th«r  such  at  aarth,  txnb  eating 

Mi  ^art  af  the  ataaafliara  in  the  Innadlata  vlelnlty  af  the  point  of 
iataaation  raiioaetiaa.  Much  of  the  induead  radioactiva  aatarial  will 
alto  ba  drawn  into  tlM  ateanding  nuelaar  eloud  adding  to  the  radio* 
activity  raanlting  frea  the  fiction  proeaat.  IHa  induead  radioaetiva 
■atariala  anit  principally  gaaaa  radiation  and  beta  pcrticlca. 

Bata  particlaa  fraa  early  fallout  My  cauca  tcrloua  burnt  on  the 
tkin«  hawavar,  tbit  can  ba  pravaatad  by  wearing  ordinary  heavy  clothing 
to  keep  fallout  particlaa  trpm  coning  in  contact  with  body.  IHuring 
the  early  poatattack  period  the  momt  dangaroua  radiation  fron  fallout 
ia  gawoa  radiation  whidi  can  pMctrata  to  all  parta  of  the  body. 

An  uaprotaetad  individual  in  a radioactiva  fallout  area  would  racaiva 
ganna  rayt  frot  all  diractiona. 

c.  The  following  ia  a caakpariaon  between  initial  and  raai&sal 
radiationa  aa  haaarda  to  objaett  and  people: 

Suclaar  Badiation 


1.  It  andttad  within  one  minute  after 

the  burst 

2.  Objaett  racaiva  total  doaa  alnoat 
all  at  once 


3«  Contains  nautrona 

4.  Contribution  of  beta  particlaa  to 
radiation  injury  ia  negligible 


3.  Originataa  principally  from  the 
fireball 


4.  The  amount  of  protection  provi^d 
hj  the  toM  protactiva  conditions 
ia  usually  laaaar  than  for  residual 
radiatiem. 


1.  Xa  malt  tad  later  than  one 
minute  after  the  tnirtt 

2.  Objects  receive  radiation 
continuously,  acoimulating  a 
total  dose  over  a period  of 

tiM 

3.  Does  not  contain  neutrons 

4.  Contribution  of  beta  particles 
to  radiation  injury  My  ba 
significant 

5.  Cemws  from  radioactiva  Mtarial 
which  may  ba  in  form  of  fall* 
out  particlaa 

6.  The  amount  of  protection  pro- 
vided by  the  tame  protective 
conditions  it  usually  greater 
than  for  initial  radiati<m. 


d.  llhiffiMy  MdiiUW  iBlwrif i - injurious  effects  of  nuclear 
radiation  resulting  from  a nuclear  explosion  represents  a phenomenon 
which  is  completely  absent  from  conventional  axplosicma.  The  harmful 
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of  nuclMT  r«41atloB  «ppMr  to  hm  «anMd  ^ the  l«nlMtl«n  («ad 
•xcltacion)  pcoSifi  in  thm  c«ll«  «aiipo«lag  livlat  tlawM.  As  a rssult 
of  lonlBStloa,  oom  of  th«  eoootltuoats,  lAicdi  sro  osMatlsl  to  tho 
aoraal  fxmctioalng  of  tho  colls  srs  sltorsd  or  brokon  Into  sasllsr  sss* 
osnta.  In  s44itlon»  tbs  products  fomsd  nsy  set  os  poisons.  Aasog 
ths  obsorvod  coossqusocss  of  tho  setloa  of  Isnlslnt  rsdlstlon  on  colls 
srs  brosklns  of  tbs  chronosonsa,  awsllliig  of  tbs  nuclous  sad  of  tbs 
sotlrs  call,  Inerssss  In  viscosity  of  tho  coll  fluid,  incrossod  por* 
•ssbillty  of  tils  cell  BMadnrans.  sad  dsatruction  of  colls.  Xn  addition, 
ths  procoaa  of  coll  division  is  delayed  by  oxposurs  do  radiation, 
rrs^ucntly,  ths  colls  arc  unable  to  undergo  ti^  division  process,  so 
that  tho  nomal  coll  roplscoBHnt  occurring  la  ths  living  organian  is 
inhibited. 


Qttttxal  IttflliaglgtT 
<1) 


- There  are  several  units  of  attclear 
radiation  nsesurenont.  However,  for  ainplloity.  tho  roentgen  is  generally 
aeesptsd  by  civil  defense  to  anpresa  the  oeasurenont  of  exposure  to 
nuclear  radiation.  The  followl^  atatoeoats  eoncomlng  radiation  units 
are  not  precise  fren  the  scientific  point  of  view,  but  are  sia^llfiod  so 
that  faalllarity  nay  be  attained  with  the  associated  tom  and  its 
spplicstlon. 


(s)  The  roentgen  is  a unit  of  radiation  <{uantlty. 
defined  as  that  anount  of  X or  ganui  radlstien  idiieh  produces  one  electre- 
static  unit  of  charge  of  either  sign  in  one  cubic  centlnatsr  of  air  at 
standard  tsnperature  and  pressure.  Xt  is  used  to  neasure  X and  gaena 
radiation  only  and  has  no  neanlng  in  ths  awasureaeat  of  alpha,  beta, 
or  neutron  radiation. 

(b)  The  real  is  derived  tram  the  words  **roentgMi 
equivalent  nan  or  eaenal"  and  is  used  to  express  the  quantity  of  any 
type  of  radiation  which  produces  the  aaaa  blol<^lcal  affects  in  nan 
as  those  resulting  fron  exposure  to  one  roentgen  of  X or  ganea  radiation. 

<2)  aad  j^Atlon  Dose  • Ths  aawunt  of  ionising  nuclear  radia* 
tlon  to  whltii  an  individual  la  exposed  is  rsfsrrsd  to  as  ths  radiation 
doss  and  is  gsnsrslly  sxprsssad  in  rosntgms  (r).  For  civil  dsfsnsa 
purposes  under  eesrgsncy  conditions,  an  exposure  that  ranges  in  duration 
fron  s fow  soconds  to  four  days  is  tsmsd  brief.  Whan  ths  period  of 
continuous  or  intsmittont  exposure  is  longer  than  four  days,  it  is 
tsmsd  nrotr acted.  These  tame,  applied  to  doss  or  exposure  doss,  srs 
nors  spproprists  than  scuts  and  chronic,  respectively,  which  arc  used 
eonvsntionslly  to  dossrlbs  tho  severity  and  duration  of  an  illness  or 
injury. 


(3)  XtiUtlan  Pwt  Bita  - Xhs  rsdUtloo  doss  rats  is  the 
rats  St  which  radiation  Is  being  rscslvsd  at  s given  point.  Ths  gsans 
conponent  of  rsdlstlon  is  nsssursd  in  units  of  roentgens  par  hour  (r/hr). 
Doss  rats  is  ooeoumly  rsfsrrsd  to  so  intensity. 
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(4)  Radioactive  Decay  - Decay  Is  the  process  wherein 
fission  products  eventually  becocoe  stable  nonradloactlve  Isotopes. 

During  the  "decay"  process  gamma  and/or  beta  radiations  are  emitted. 

As  the  radioactivity  of  fallout  decreases  due  to  decay,  the  dose  rates 
In  the  environ  decrease  corresp<xidingly . Because  of  the  continuous 
change  of  dose  rate  with  tltM,  it  is  useful  to  select  a reference  time 
on  which  to  base  calculations  of  expected  total  dose.  The  reference 
time  most  frequently  used  is  one  hour  after  burst  expressed  as  H + 1. 

f.  - Since  a major  portion  of 

the  Injury  resulting  from  exposure  to  radiation  may  be  repaired,  the 
total  dose  (r)  is  not  by  itself  a reliable  basis  for  predicting  the 
clinical  outcome.  The  concept  of  the  equivalent  residual  dose  (ERD) 
has  been  developed  to  permit  a more  reliable  prediction  of  the  biological 
and  medical  consequences  of  exposure  to  radiation  than  Is  possible  on 
the  basis  of  accumulated  dose  alone.  The  ERD,  expressed  In  roentgens, 
is  the  accumulated  dose  corrected  from  the  recovery  assumed  to  have 
occurred  at  a specific  time.  The  ERD  concept  assumes  that,  given  an 
opportunity,  the  body  can  repair  90  percent  of  the  total  injury.  It 
Is  further  asstmoed  that,  starting  with  the  fifth  day  after  exposure, 
radiation  Injury  is  repaired  at  the  rate  of  2-1/2  percent  per  day  of 
the  remaining  repairable  injury.  At  this  rate  of  recovery,  half  of 
the  repairable  Injury  would  be  repaired  in  about  a Htonth.  It  is  pre- 
sumed that  a person's  ERD  would  manifest  Itself  Ih  approximately  the 
same  symptoms  of  radiation  injury  as  would  be  anticipated  following 
a brief  dose  of  the  same  size. 


g.  The  following  condensed  Cable  may  be  used  for  estimating 
the  consequences  to  be  expected  from  a short  term  external,  gaimna 
radiation  dose  or  an  ERD  which  has  not  greatly  exceeded  200  r. 


ERD 

<1) 

Smallest  effect  detectable  by  statistical 
study  of  blood  counts  of  a large  group  of 
people 

15  r 

(2) 

Smallest  effect  detectable  in  an  individual 
by  laboratory  methods 

50  r 

(3) 

Smallest  dose  that  causes  vomiting  on  day  of 
exposure  in  at  least  10  percent  of  people  . . . 

75  r 

(4) 

Smallest  dose  that  causes  epilation  (loss  of 
hair)  in  at  least  10  percent 

100  r 
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tgaitTOMICti.ig;  Ullfiti  feort  T«n»  Do— 

IKB 

(5)  lArg«tC  doM  that  daai  not  eauaa  lllnaaa 
aavara  anough  to  raqulra  nadleal  car#  In 
Majority  of  gaopla  (moto  than  9 out  of 

10) 200  * 

(6)  Doaa  that  wouI4  ba  fatal  to  about  50  pareant 

of  tha  paapla 450  r 

(7)  Doaa  that  would  ba  fatal  to  almoat  avaryana...  400  r 
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Square  Roots,  Cube  Roots,  and  Fourth  Roots 


Number 

MT 

(•) 

Square  . 
Root  (wl/2) 

(b) 

Cube  . 
Root  (wl/3) 

(c) 

Fourth 
Power  (WV4) 

(d) 

w2/5* 

1 

1.000 

1.000 

1.000 

1.000 

2 

1.41 

1.26 

1.19 

1.32 

3 

1.73 

1.44 

1.32 

1.55 

4 

2.00 

1.59 

1.41 

1.74 

5 

2.24 

1.71 

1.49 

1.90 

6 

2.45 

1.82 

1.57 

2.05 

7 

2.65 

1.91 

1.63 

2.18 

6 

2.83 

2.00 

1.68 

2.30 

9 

3.00 

2.06 

1.73 

2.41 

10 

3.16 

2.15 

1.78 

2.51 

11 

3.17 

2.22 

1.82 

2.61 

12 

3.46 

2.29 

1.86 

2.70 

13 

3.61 

2.35 

1.90 

2.79 

U 

3.74 

2.41 

1.93 

2.88 

15 

3.87 

2.47 

1.97 

2.96 

16 

4.00 

2.52 

2.00 

3.03 

17 

4.12 

2.57 

2.03 

3.11 

18 

4.24 

2.62 

2.06 

3.18 

19 

4.36 

2.67 

2.09 

3.25 

20 

4.47 

2.71 

2.12 

3.32 

* ^2/5  . V/  0.4 


D-23 


Appendix  E 


Deposition  of  Fallout 


«.  Fallout  Foraeasf  t 8ine«  civil  defcnae  is  aatlgnad  the 
riwif— Xibtllty  for  th«  overfall  radiological  dafanta  ayatem.  It  !• 
naoaaaary  that  coanamitiaa  ovar  500  population.  State  and  county  govam* 
aanta  and  cartain  apacial  inatallationa  hava  a radiological  defense 
officer  and  one  or  more  aasiatants  in  the  emergency  operating  center  (BOC) 
to  plan,  organise,  implamnt  and  operate  the  radiological  defense  system. 
Among  the  aaaignad  functions,  the  RAKF  officer  has  the  resp<msibility 
for  the  preparation,  education  and  interpretation  of  fallout  forecasts. 

The  present  fallout  forecast  system  is  appropriate  for  civil  defense  use 
and  in  competent  hands  serves  a valuable  purpose  in  the  program.  How- 
ever, the  use  of  forecasts  without  the  assistance  of  RAQEF  personnel, 
who  have  access  to  the  available  current  pestattack  radiological  informa- 
tion, may  not  be  in  accord  with  the  measures  adopted  to  insure  survival 
with  the  fewest  possible  casualties. 

b.  Planning  for  Forecasts  Preparation  - In  his  planning,  the  RAEEF 
officer  must  make  arrangements  for  the  routine  receipt  of  the  current 
upper  fallout  (UF)  wind  data  that  might  affect  his  area.  Data  should 
generally  be  obtained  from  weather  stgti<ms  within  a 300  mile  radius. 

At  State  and  larger  local  BOC 'a,  the  KAraF  officer  should  also  make  prior 
arrangements  to  have  a Weather  Bureau  of  private  meteorologist  on  the 
control  center  staff  to  assist  in  the  preparation  of  fallout  forecasts 
and  in  preparing  the  fallout  analyses. 

c.  Use  of  Fallout  Forecasts  - The  BADBF  officer  should  develop 
capability  within  the  BOC  to  apply  current  wind  vector  data  (UF)  to 
BUOffT  locations,  so  that  fallout  forecasts  may  be  prepared  and  ism»ed 
as  appropriate.  Protractors,  compass  cards  or  templates  are  needed  to 
determine  directions  in  degrees  from  true  north  since  the  wind  data 
ara  tranamitted  in  thaae  coordinates.  Maps  depicting  all  areas  within 
a 500  mile  radius  should  be  used.  Maps  scaled  to  1:2,500,000  ere 
appropriate  for  use  at  OCD  Kegion  end  States  however,  to  enable  more 
detailed  plotting  of  data,  maps  of  larger  scale  are  Mcessary  at 
local  BOC's. 

The  KADBF  officer  is  cautioned  not  to  place  greater  use  or  reliance 
am  the  forecasts  than  is  wnrrantad.  When  current  wind  data  are  used, 
the  foreeaste  can  provide  e fairly  valid  indication  of  the  direction 
end  average  speed  of  spread  of  fallout  along  the  mirfeee  of  the  earth. 
Federal  Guidanca  for  Stata  and  Local  Civil  Defonao,  Fart  F,  Cheptunr  5, 
Appendix  6,  "Application  of  Metoorological  Data,"  providas  gnidaMie 


c#  «Mi«t  MloIoflMl  OfflMT  U dM  OM  of  MtoorologiMl  tmt 

<1)  pro^o  oroo  folloot  forooooto  m4  ootlaotot  of  fallout 
arrival  tlao  for  oparatloBal  uaa, 

(2)  uoa  la  aaajuaatieo  with  4oaa  rata  oaotour  aa4  total  4oaa 

tabloa  ohoim  la  dMptar  to  aaalat  la  aaklag  rmitth 

for  vary  oarly  <MMgo  aaaoooMoat  prior  to  raoolpt  of  radiological  aool* 
torlag  raporta  durlag  actual  oporatloo*  and/or  for  aaa  la  tralalag  aad 

aaardaa, 

(3)  prapara  hypotkatlcal  doaa  rata  coatoura  for  aaa  la  eoajunctloa 
with  taata  aad  aaarolaaa«  aad 

(4)  datomlaa  tha  probability  of  fallout  occurraaca  la  mpmUtim 
cratt  M a baala  for  praattadi  plaaalag. 


Appendix  F 


Federal  Civil  Defenee  Guide 


Office  of  Civil  Defense 


" develop  plans  and  operate  systems  to  undertake  a nationwide 
postattack  assessment  of  the  nature  and  extent  of  the  damage 
resulting  from  enemy  attack  and  the  surviving  resources, 
including  systems  to  monitor  and  report  specific  hazards 
resulting  from  the  detonation  or  use  of  special  weapons. 

Executive  Order  10^52,  As  Amended  - July  20,1961 
(Section  1 (b)  (i) 


Secretary  of  Interior 

” Maintain  a capability  to  assess  the  effects  of  attack  on  assigned 
products,  producing  facilities,  and  departmental  installations 
both  at  national  and  field  levels,  and  provide  data  to  the 
Department  of  Defense." 

Executive  Order  10997,  February  16,  1962 
(Section  1*  (c)) 


Secretary  of  Agrictulture 

" Maintain  a capability  to  assess  the  effects  of  attack  on  assigned 
resource  areas-  and  departmental  installations,  both  at  national 
and  field  levels,  and  provide  data  to  the  Department  of  Defense." 

Executive  Order  10998  , February  16,  1962 
(Section  U (e)) 


Secretary  of  Conimerce 


" Maintain  a capability  to  assess  the  effects  of  attack  on  assigned 
resource  areas  and  departmental  installations,  both  at  national 
and  field  levels,  and  provide  data  to  the  Department  of  Defense"* 


Executive  Order  10999,  February  16,  1962 
( Section  6 (e)  ) 


n 


iecretary  of  Labor 


" Maintain  a capability  to  assess  the  effects  of  attack  upon 
manpower  resoiirces,  departmental  installations^  and  State 
Employuent  Security  agencies,  both  at  national  and  field 
levels,  and  provide  data  to  the  Department  of  Defense," 


Executive  Order  11000,  February  16,  1962 
( Section  2,  (i)  ) 


Secretary  of  Health,  Education,  and  Welfare 


" Maintain  a capability  to  assess  the  effects  of  attack  on 
health,  welfare,  and  education  facilities  and  personnel  both 
at  national  and  field  levels  and  provide  data  to  bhprDepartraent 
of  Defense." 

Executive  Order  llOOJl,  February  16,  1962 
(Section  6 (b)  ) 


Postmaster  General 


" Maintain  a capability  to  assess  the  effects  of  attack  on  its 
postal  service  and  resources,  both  at  national  and  field  levels, 
and  provide  data  to  the  Department  of  Defense." 

Executive  Order  11002,  February  16,  1962 
(Section  2 (b)  ) 


Administrator  of  the  Federal  Aviation  Agency 

" Maintain  a capability  to  assess  the  effects  of  attack  on  all  air 
navigation,  air  traffic  control,  and  aeronautical  communications 
facilities,  all  civil  airports,  civil  aircraft,  and  all  other 
facilities  essential  to  safe  and  effective  air  transportation 
operations  in  a national  emergency  and  provide  data  to  the 
Department  of  Defense," 

Executive  Order  11003,  February  l6,  1962 
(Section  3 (e)  ) 


Hogging  and  Home  Finance  Administrator 


" Hsintain  a capability  to  assess  the  effects  of  attack  on 
housing  resources,  both  at  national  and  field  levels,  and 
and  provide  data  assistance  to  the  Department  of  Defense." 

Executive  Order  IIOQJ*,  February  16,  1962 
( Sectibn  3 (f)  ) 


Interstate  Commerce  Commission 


" Maintain  a capability  to  assess  the  effects  of  attack  on  all 
domestic  surface  transportation  and  storage  facilities 
essential  to  safe  and  effective  sxirface  transportation  in 
a national  emergency,  and  to  provide  data  to  the  Department 
of  Defense.  " 

Executive  Order  1100$,  February  16,  1962 
(Section  U (c)  ) 

Secretary  of  State 


None 


Secretary  of  Treasury 


None 


Atomic  Energy  Commission 

" Maintain  a capability  to  assess  the  effects  of  attack  on  the 
Commission's  resources,  both  at  national  and  field  levels,  and 
provide  data  to  the  Department  of  Defense." 

Executive  Order  11089,  February  26,  1962 
(Section  2 (h)  ) 

Civil  Aeronautics  Board 

" Provide  assistance,  as  appropriate,  to  FAA  and  to  the  Department 
of  Defense  in  assessing  the  effects  of  attack  on  air  carrier 
aircraft." 

Executive  Order  11090,  February  26,  I963 
Civil  Service  Commission 

None 


F3 


Federal  Coioamlcationa  Comlesion 


* Maintain  a capability  to  assess  the  effects  of  attack  on 
coooBunlcation  facilities  and  services  subject  to  Cononlssion 
regulation  which  are  essential  in  a national  emergency 
and  to  pxx>vlde  data  to  the  Department  of  Defense." 

Executive  Order  11092,  February  26,  I963. 

(Section  1*  (b)  ) 

Adainlatrator  of  General  Services 


" Maintain  a capability  to  assess  the  effects  of  attack  on 
Federal  buildings,  facilities,  and  resources,  both  at  the 
national  and  field  levels,  and  to  provide  data  to  the 
Department  of  Defense." 

Executive  Order  3J.093#  February  26,  I963 
( Section  3 (b)  ) 

Board  of  Governors  of  the  Federal  Reserve  System 
Federal  Home  Loan  Bank  Board 
Farm  Credit  Administration 
Kxport-Iaiport  Bank  of  Washington 

Board  of  Directors  of  the  Federal  Deposit  Insurance  Corporation 
Securities  and  Exchange  Commission 
Administrator  of  Staiall  Business  Administration 
Administrator  of  Veterans  Affairs 

" Maintain  a capability  to  assess  the  effects  of  attack  on 
facilities  under  their  jurisdiction  and  to  provide  data  and 
assistance  to  the  Department  of  Defense. 

Executive  Order  1109 li,  February  26,  I963 
( Section  9 (b)  ) 

Board  of  Directors  of  the  Tennessee  Valley  Authority 
Railroad  Retirement  Board 

Administrator  of  the  National  Aeronautics  and  Space  Administration 
Federal  Power  Commission 

Director  of  the  National  Science  Foiindation 

" Maintain  a capability  to  assess  the  effects  of  an  attack 
on  facilities  under  their  jurisdiction  and  to  provide  data 
and  assistance  to  the  Department  of  Defense  and  other 
agencies,  as  appropriate." 


Executive  Order  11095^  February  26,  I963 
(Section  7 (b)  ) 


